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Ultimate Precision. 
Low Power. Small Size. 

Amplifiers UseTI's New 36V Bipolar SiGe Process 



Device Input Vj^i Vqs GBW Iq Vs Package 

0PA211 Bipolar ^ny/^[Hz lOOpV 80MHz 3.5mA ±18V MSOP-8 
OPA827 I JFET |4.5nV/>fH^| 250mV | 18MHz | 4.2mA | ±18V | MSOP-8 

The new 0PA211 and OPA827 precision annplifiers fronn Texas Instrunnents offer lower power, 
snnaller package size and lower noise, enabling breakthrough perfornnance in test and nneasurennent 
instrunnentation, innaging, nnedical, audio and industrial process control applications. The annplifiers 
were developed using the industry's first connplennentary bipolar 36V SiGe process, BiConnSHV. 

High Performance. Analog. Texas Instruments. 

For datasheets and sannples, visit 
'^'^ www.ti.com/opa211 
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Over 625,000 products 

from more than 320 Quality Electronic Components, Superior Service 
quality name-brand i .800.344.4539 . www.digikey.com 

manufacturers * •■""'"'=' 
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Take You So Far. 



When it comes to thwarting 21st 
century evildoers, nobody has 
more industry-proven secure 
IC solutions than Atmel®. 
With a broad portfolio of biometric 
sensors, embedded security chips, RF 
identification chips, secure microcontrollers 
and secure memories for smart cards, 
and RFID/card readers, Atmel has 
the expertise and flexibility to provide 
customer-driven solutions for security in an 
unsecured world. 



And, when it comes to measuring why 
we're good, don't just take our word for it. 
Our secure microcontroller product portfolio 
meets the stringent needs of the security 
market with some of the highest security 
certifications in the industry, including 
Common Criteria EAL4+/EAL5+, FIPS-140- 
2 Level 3 and 4, ZKA, Visa® International and 
MasterCard CAST approvals. 

So, when your next project calls for 
security, think Atmel. We're Everywhere You 
Are®... securely. 



Secure Memory and Microcontrollers for Smart Cards 


Smart Card Reader ICs 


Biometrics , 


, Trusted Platform Module IC , 


1 Embedded Security ^ 


RF Identification 



Check out Atmel's security solutions today at www.atmel.com/ad/securitysolutions 




Corporation. All rights reserved. Atmef®, logo and combinations thereof, Everywhere You Are® and others, are registered trademarks or^ 
trademarks of Atmel Corporation or its subsidiaries. Other terms and product names may be trademarks of others. 
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DATA CONVERTERS 



12-Bit, 500 MSPSADC 



ADS5463 SNR at 500 MSPS 
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► Applications 

- Power amplifier linearization 

- Multi-carrier receivers 

- Software defined radio 
-Radar and advanced imaging 
-Test and measurement 

► Features 

- 12-bit resolution, 10.5 ENOB 

- 2 GHz input bandwidth 

- Space saving package size: 
80-pin TQFP (14mm x 14mm) 

- Differential input: 2.2 Vpp 

- LVDS outputs with simplified 
data capture 

-Total power dissipation: 2.25W 

- Ind. temp: ADS5463 
-40« C to +85° C 

- Mil. temp: ADS5463-EP, QMLV 
-55°Cto +125° C 

- Pin-compatible with 13-bit, 
210 MSPS ADS5440 and 
13-bit, 250 MSPS ADS5444 

- Recommended amplifiers: 
THS9000, THS9001 , THS4304, 
THS4509,THS4511 

- In production now: 
Priced at $125 in Ik units 
(Industrial temp, only) 



i 



The 12-bit, 500 MSPS ADS5463 from Texas Instruments delivers best-in-class 
performance with greater than 75 dBc SFDR and 64.5 dBFS SNR for input 
frequencies through 450MHz. This new ADC benefits the most demanding 
amplifier linearization, communications, radar, imaging, test and measurement 
applications - all in a 14mm x 14mm 80-pin TQFP package. The ADS5463 is part 
of a pin-compatible family of products that include Tl's 13-bit 250/21 OMSPS 
ADS5444and ADS5440ADCs. 

www.ti.com/ads5463 o 800.477.8924, ext. 13476 - 
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High Power Density Switching Regulators 
Deliver Up to 2A Output Current 



Tiny LM2830/31/32 Step-Down Regulators Minimize External Components and Shrink Footprint 

System Power Configuration 



High power density 
switching regulator 



550 kHz, 1 .6 MHz, or 3 MHz frequency 
options allow small passives 



V|N 

(3Vto 5.5V) 



On 



Off 



Internal compensation 
simplifies design 



IN 



EN 



SW 



P-FET 



PGND 



FB 



Vqut 

(Down to 0.6V) 
Up to 2A 




i 



Microcontroller, 

Lower power FPGA, 

ASIC, 

Memory, 

CPLD, 

Digital logic 



Ultra-low 30 nA 
standby current 



Cycle-by-cycle current limit 
for short circuit protection 




Product ID 



LM2830 
LM2831 
LM2832 



1A 
1.5A 
2A 



Packaging 



S0T23-5, LLP-6 
S0T23-5, LLP-6 
eMSOP-8, LLP-6 



Ideal for use in multimedia set-top boxes, USB- 
powered devices, DSL modems, and hard disk drives 



96 
94 
92 

^ 90 



84 
82 - 
80 



LM2831 Efficiency vs Output Current 



0.5 1 
Output Current (A) 



1.5 




For FREE samples, datasheets, online design 
tools, and more information on the LM2830/31/32, 
contact us today at: 



power.national.com 



Or call 1-800-272-9959 



Na tional 

Semiconductor 

The Sight & Sound of Information 



© National Semiconductor Corporation, 2006. National Semiconductor,^, LLP, and WEBENCH are registered trademarks of National Semiconductor Corporation. All rights reserved. 
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Creating the power 
subsystem in modern 
design 

^\ Power— from linear to 
1^ y digital-covers a range 
\^ of design choices. This 
brief overview presents designers 
with some of the alternatives and 
problems that will arise. 

by Paul Rako, Technical Editor 




Proprietary arch- 
itectures defend 
automotive segment 

A Although ARM archi- 
ll / tectures increasingly 

I I vie for automotive and 
industrial dominance, they face 
stiff competition from proprietary 
devices that regard these markets 
as their own. Recent devices from 
major vendors underline the con- 
tinuing determination to compete 
for market share, by David Marsh, 
ContributingTechnical Editor 
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Battling bugs 

'"7^^ Debugging embed- 
/ ded systems can rep- 
■ V-/ resent more than half 
of an embedded-software-project 
workload. Understanding hard- 
ware-debugging functions and the 
issues they tackle is key to select- 
ing the right chips, building debug- 
ging systems, and increasing pro- 
ductivity, by Bertrand Deleris, 
Freescale Semiconductor 



BIT LINE 



1^ 
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SHALLOW- 
TRENCH 
ISOLATION 



Embedded memory 
evolves 

^\ t ^ In the search for on- 
V>|chip RAM, silicon-on- 
Vi.y insulator technology 
offers a new answer. 

by Raymond Ambrose, 
Randa Creative 



DESIG 



IDEAS 



Two-channel audio amplifier drives stepper motor 
Get power from a telephone line without disturbing it 
Active-filter circuit and oscilloscope inspect a Class D amplifier's output 
Voltage-to-pulse-width converter spares microprocessor's resources 
Precision voltage reference delivers 80 mA 
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DATA CONVERTERS 



Upgrade Your DAC Designs 

Multiplying D/A Converter Family 



16 



■2 14 



o 

(0 
4) 



12 




Serial Interface 
Parallel Interface 



Output Channels 



The DAC88XX and DAC78xx four-quadrant multiplying DACs from Texas Instruments 
feature high accuracy, low power and a variety of resolution and channel count options. 
Available in industry-standard pin configurations, the devices enable easy design upgrades 
based on speed, power and precision requirements. Simplify the selection of your output 
amplifier with Tl's MDACBufferPro interactive selection tool. 



E 



I Burr-Brown Products 



from Texas Instruments 



► Applications 

- Autonnated test equipnnent 

- Instrunnentation 

- Digitally controlled calibration 

- Industrial control 

- Optical networking 

► Features 

- Relative accuracy: ±1 LSB (max) 

- Industry-standard pin 
configuration 

- ±2mA full-scale current 
with Vref = ±10V 

- Settling time: 0.5ps to 
0.0015% FSR 

- Midscale or zero-scale reset 

- Reference bandwidth: 10MHz 

- Packaging: MSOR QFN, SON, 
SSORTSSOP 

- Pricing in 1k units (starts at): 

12-bit: $2.55 
14-bit: $4.60 
16-bit: $7.15 



+15V 

-^sl OPA2277 (1/2) 



Four-Quadrant MDAC Solution 




OPA2277 (1/2) 



-15V 



NEW! 

Amplifier and 
Data Converter 
Selection Guide 

Datasheets, Samples 
and MDACBufferPro 
Software 




www.ti.com/dac88xx o 800.477.8924, ext. 1365 
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Power-delivery network analyzer measures 50-|jlH 
impedance 


24 


Multiflow USB controller optimizes handset data 
flow 


19 


Mixed-signal-SOC designs get flash for auto and 


24 


ZigBee transceiver offers protocol flexibility 




industrial applications 


26 


Global Designer: Communications processors 
support ZigBee 2006 


20 


Sequential-sampling scopes, TDR challenge VNAs 


22 


Microcontrollers build in support for off-chip 
SDRAM and flash 


28 


Research Update: Ferroelectric LCD enables 
holographic recording; X-ray-imaging concept 


22 


100-MHz to 1-GHz LXI scope modules provide 
two or four analog, 1 6 logic-timing channels 




may reveal single nanoscale structures 
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Milestones That Mattered: Flash memory shines 
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Tales from the Cube: Hit the ground running 



108 Passives: ROHS-compliant metal-oxide varistors 
and voltage-divider networks, thick-film chip resis- 
tors, wirewound power inductors, and more 



1 1 1 EDA Tools: power-analysis tools, wire-harness 
upgrade, and more 



1 12 Integrated Circuits: buck converters, spectrum 
analyzers, storage processors, low-power audio 
codecs, and more 



1 18 Scope: DesignCon 2007, robotic vision, and the 
Christmas selling season around the world 
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Your potential. Our passion.' 

Microsoft' 





FAST-FORWARD YOUR PROJECT WITH WINDOWS" EMBEDDED. 

Change happens. Don't let it slow you down. Get to nnarket faster with end- 
to-end developnnent toolkits, building blocks to create tailored solutions, and 
the support of a highly qualified partner connnnunity. See how Magellan cut six 
nnonths fronn developnnent of its devices at microsoft.com/embedded 



©2006 Microsoft Corporation. All rights reserved. Microsoft, Windows, the Windows logo,and "Your potential. Our passion." 
are either registered trademarks or trademarks of Microsoft Corporation in the United States and/or other countries. 
The names of actual companies and products mentioned herein may be the trademarks of their respective owners. 
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Check out these Web-exclusive articles: 

PC/1 04 Ethernet switch supports 
virtual networks 

www.edn.com/article/CA6388632 

Digital video processor breaks $1 

www.edn.com/article/CA6393236 

Processor lowers cost of Gigabit 
Ethernet 

www.edn.com/article/CA63931 79 



Ciranova tool finds way around 
Cadence SKILL for analog design 

www.edn.com/article/CA6390495 



Tine globalization of 
design: A conversation 
with Harley Feldberg, 
Avnet Electronics 
Marketing 



www.edn.com/article/CA6390243 
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Microcontroller and 
embedded networks: 
A conversation with 
Microchip Chief Executive 
Officer Steve Sanghi 

1^ 



www.edn.com/article/CA6389635 



A selection of recent articles receiving 
high traffic on www.edn.com. 

Mobile makeover: 

Hijack a smart-phone interface 

for embedded-systems control 

www.edn.com/article/CA6382645 

Embedded-processing platforms: 
a second look 

www.edn.com/article/CA6387022 

LED senses and displays ambient-light 
intensity 

www.edn.com/article/CA6387024 

AC line powers microcontroller-based 
fan-speed regulator 

www.edn.com/article/CA6387025 

Simple circuits sort out the highest 
voltage 

www.edn.com/article/CA6387026 

Howard Johnson: Eye don't like it 

www.edn.com/article/CA6387033 

Lab publicizes another Wi-Fi worry 

www.edn.com/article/CA6387046 

High-speed bus for PC management 
emerges 

www.edn.com/article/CA6382646 

Single microcontroller pin senses 
ambient light, controls illumination 

www.edn.com/article/CA6382648 



FINAL CHANCE FOR 



It's not too late to nominate your 
company's engineers and products for 
the 1 7th Annual EDN Innovation Awards. 
We've extended the nomination deadline to 
December 8. Our online process makes it 
easy The awards ceremony will take place 
April 2, 2007 
Don't delay! 

www.edn.com/innovation 




Visit the Design Ideas home page ^ 
for all the latest reader-invented cir- 
cuit designs. The page allows you to 
explore our 1 2-year archive of Design 
Ideas chronologically by technology ^ 
category, and by searching. I 
Plus, every two weeks. Design Ideas 
editor Brad Thompson introduces the 
latest Design Ideas in his own inimi- 
table style, with lots of links to not only 
related EDN articles, but also useful 
(or just fun) resources elsewhere on 
the Web. Finally you can learn how to 
submit your own Design Ideas. If we 
publish a Design Idea you submit, you 
make $150! 

www.edn.com/designideas 
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VINCULUM 

BINDING USB TECHNOLOGIES 




The Vinculum family of USB Host Controller not only handles the USB Host interface and data transfer functions, but owing 
to the inbuilt processor core and embedded Flash memory, Vinculum encapsulates the USB device classes as well. When 
interfacing to mass storage devices such as USB Flash drive, digital camera, or PDA, Vinculum also transparently handles 
the FAT File structure communicating via UART, SPI or parallel FIFO interfaces via a simple to implement command set. 
Vinculum provides a new cost effective solution for providing USB Host capability into products that previously did not have 
the hardware resources available. 
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USB Drive 
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Mobile Phone 
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PORT1 




USB 
PORT 2 
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RESETS 
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TEST 





PLL FILTER 



USB 
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SLAVE 
SIE2 
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32-bit NPU 



Dual DMA 
CONTROLLER 
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PLL 
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FIFO ACBUS 0-7 
l/F < ► 



BDBUS 0-7 
< ► 
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< ► 



Serial Port 



USB Drive 



Kbd/Mouse 



Future Technology Devices International Limited (USA) 

5285 NE Elam Young Parkway, Suite B800, Hillsboro, OR 97124-6499, USA 
Tel: +1 (503) 547-0988 Fax: +1 (503) 547-0987 Email: us.sales@ftdichip.com 



O Vinculum Evaluation Modules & Application Areas 




The VDIP1 module is an MCU to USB Host Controller development module 
for the VNC1 L device and is ideal for rapid prototyping and development 
of VNC1L designs. 

• Jumper selectable UART SPI or FIFO MCU Interfaces 

• USB "A" type socket to interface with USB peripherals 

• 2nd USB Interface available via module pins if required 

• Single 5V supply input 

• Auxiliary 3.3V/200mA power output to power external logic 

• Traffic Indicator LEDs 



VDRI VE1 is possibly the easiest solution for adding a USB Flash Drive 
interface to existing products. Only four signal lines plus 5V/GND are 
required to be connected. 

• One USB "A" socket to connect to USB Flash Drive 

• Link Selectable UART or SPI interface 

• Only 4 signals to connect excluding PWR/GND 

• Single 5V supply required 

• Easy to implement command set 



VMUSIC1 is a product that not only lets you add USB Flash Drive 
interfacing to your product but allows you to play back MPS and other popular 
digital music formats direct from a USB Flash Drive. 

• One USB "A" socket to connect to USB Flash Drive 

• Stereo 3.5mm headphone jack socket and audio line-out connector for 
audio playback. 

• Link Selectable UART or SPI interface 

• Only 4 signals to connect excluding PWR/GND 

• Single 5V supply required 

• Easy to implement command set 



VINCULUM ■ I MAGI NEW AT YOU COULD DESIGN WM IT.. 



http://www.vinculum.conn 
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BY MAURY WRIGHT, EDITOR IN CHIEF 



CEOs spotlight chip-maker 
challenges to innovation 

On opening day at Electronica 2006 (Munich, Germany) , 
a CEO panel on innovation kicked off the festivities 
at the megaconference. Moderator Hermann Simon, 
chairman of Simon-Kucher & Partners, quizzed the 
participants — Frans van Houten of NXP, Satoru Ito of 
Renesas, Michael Mayer of Freescale, and Wolfgang 
Ziebart of Infineon — on the challenges that the IC makers face as they 



strive to innovate and prosper. At- 
tendees at the 90'minute event heard 
more boasts about financial results 
and leadership positions than com- 
pelling insight into today's challenge 
es. But I did find a couple of tidbits 
among the hype. 

Actually, the panel got off to a 
rough, or at least a slow, start, because 
the CEOs were presenting what I felt 
were welbunderstood facts. The four- 
some spent too much time acknowl- 
edging that the consumer market — 
specifically, digital-media products — 
was the new tech- industry driver. 
Still, I was a bit surprised to hear the 
extent to which consumer was dom- 
inating in IC shipments. Ziebart of 
Infineon revealed that the volume of 
ICs that the company sells into con- 
sumer products today exceeds the vol- 
ume sold into the IT and government 
markets combined. 

Mayer of Freescale was quick to 
note that selling into what he termed 
the embedded market was also far dif- 
ferent from selling into the IT or PC 
markets. He pointed out that in appli- 
cations from cars to the modern toast- 
er, the chip designers must know far 
more about the end application than 
ever before. We at EDN have cer- 
tainly witnessed that trend for years, 
and it's guided our efforts to regular- 
ly present application articles. And 



The discussion 
turned to how fast 
the companies 
must move 
to develop new 
technology that 
might allow them 
to capture future 
opportunities. 

the CEOs confirmed what we've been 
hearing about IC companies hiring 
more and more software developers to 
address the application challenge. 

The most thought-provoking in- 
sights came from NXP's van Houten. 
He pointed out the differences in the 
timing challenge that IC and end- 
product makers face. The end-product 
companies work on nine- to 18-month 
development cycles. To be compet- 
itive with escalating consumer de- 
mands requires that churn rate. And 
the end-product makers can meet such 
demand only because the IC mak- 
ers these days take on so much of the 
product design. But, as van Houten 
pointed out, IC makers are working 
on three- to five-year cycles in process- 
technology road maps while also carry- 
ing a bigger chunk of the end-product 



responsibility. Perhaps there is noth- 
ing astounding in these thoughts, but I 
hadn't considered the challenge to the 
IC maker in quite that way before. 

Quickly, the discussion turned to 
how fast the companies must move to 
develop new technology that might 
allow them to capture future oppor- 
tunities. Ziebart of Infineon stressed 
"right timing" over speed and decried 
"innovation for innovation's sake." 
Simon asked whether perhaps an em- 
phasis on moving to new technologies 
too fast might be behind Sony's recent 
troubles in notebook batteries and the 
PlayStation 3. The panel members 
were unwilling to directly address So- 
ny's plight but conceded that moving 
too early could put an IC company in 
a bind. 

Van Houten of NXP was most bull- 
ish on pushing fast in moving to new 
technologies. He related the oft-heard 
claim from IC makers about being in 
first or second market position in key 
markets. But he backed that boast 
with a dig at companies that move 
timidly. He also related that compa- 
nies that move more slowly and win a 
position such as fourth, fifth, or sixth 
when it comes to market share still ul- 
timately spend the same R&D dollars 
as the first movers and don't achieve 
the return on investment. Even Rene- 
sas' Ito stated, "Speed is necessary to 
serve the consumer market." 

Finally, the group talked a bit about 
the future. NXP's van Houten again 
stood out, noting that advancements 
similar to those happening in the con- 
sumer market would come to segments 
such as health care or nonentertain- 
ment segments, such as lighting. He 
claimed, for instance, that solid-state 
lighting would replace existing in- 
candescent and fluorescent lighting 
much more quickly that most people 
believe — clearly defining what he be- 
lieves to be another opportunity.EDN 

Contact me at mg<wright@edn.com. 
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Fairchild offers online motor design tools 



Integrated power modules simplify your designs 

Smart Power Modules (SPM"'"'^) ore just what you need to 
dramatically improve the performance/cost ratio of variable 
speed designs. Available for motor ratings from 50W to 
7.5kW, every SPM includes: 

• An integrated drive and protection solution built with our 
leading power components 

• Fairchild's combined power and motion design expertise 

• Best-in-class packaging technology that reduces board 
space while providing excellent thermal performance 



SPM ■ 

Series H 


Motor |H 
Ratings 


Description ^^^^^^^^^M 


Motion-SPM 


50W to 7.5kW 


3-phase IGBT or MOSFET inverter 


SRM-SPM 


2kW 


Single-phase asymmetric bridge 


PFC-SPM 


IkW to 3kW 


Partial switching converter module 


3kW to 6kW 


Pov/er Factor Correction (PFC) module 



Our SPM series includes solutions for consumer and 
industrial inverter designs, as well as options for 
switched reluctance and PFC. 

If you prefer to build your own drive with discrete 
components, all the building blocks inside our 
SPM, including IGBTs, HVICs and MOSFETs are 
also available for your motion power path. 

If energy and cost savings are your problem, 
Fairchild has your solution. 

For more motor design information^ including 
online design tools and application notes, visit 
www. fairchildsemi. com/ motor 



problem solved 
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[PRECISION + PREDICTABILITY]SPEED = 
DESIGN SUCCESS »»»»»»»» 

The new Virtuoso® custom design platform from 
Cadence® provides an exceptionally fast and silicon- 
accurate way to design custom analog, RF and mixed- 
signal integrated circuits. »»»»»>»»» 
* Integrated products on a common database address 
complex design requirements across process nodes. »> 
* Automated constraint management connects the electrical 
and physical design domains for the first time — helping 
maintain design intent within the flow, and across globally 
distributed design chains and customers. »»»»»» 
* High-speed, comprehensive simulation engines enable 
constraint refinement, and a brand new custom floorplanner 
allows analog design teams to rapidly explore multiple design 
architectures prior to implementation. »»»»»»» 

* New layout techniques and integrated DFM yield the best, 
most differentiated custom silicon possible. »»»»»> 

* This next-generation platform enables designers to focus on the task 
of precision crafting, leaving the mundane to automation. 

«««< www.cadence.com/newvirtuoso >»»» 
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The new Virtuoso custom design platform r ^ A /\ t\ r /\ 

takes precision design to the next level. Now it's C G Q C 11 C 6 

all up to you. www.cadence.com/newvirtuoso 
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Isolation and innovation in one package. 



With /Coupler, analog is everywhere 



ISOLATED TRANSFORMER COILS 




t 




SINGLE AND MULTICHANNEL ISOLATORS 




CONVERTERS 



COMMUNICATIONS 




Isolating signals, power, and exceptional designs. 

/Coupler® digital isolators offer faster data rates, greater reliability, and up to 70% savings in board space and cost, vs. optocoupier solutions. 



Single and Multichannel Isolators 



Greater integration, performance, 
and reiiabiiity tiian optocoupiers 

ADulVI1100/ADulVI120x/ADulVI130x/ 
ADulVI140x/ADulVI240x 

• Single, dual, triple, and quad 

• Variety of input/output channel 
configurations 

• 2.5 kV to 5 kV isolation 

• Up to 100 Mbps data rate 

• Starting at $0.55/channel 



Industry's first digitai 
isoiator witii integrated, 
isoiated power 

ADulVI524x family 

• 50 mW isolated power 
•Variety of input/output 

channel configurations 

• Dual channel, 2.5 kV 
data isolation 

•Starting at $2.95 



AH pricing in $U.S. 1I< quantities uniess indicated. 
/Coupler products approved by UL, VDE, CSA, and TUV. 



Converters 



Industry's leading 
converters with 
integrated isolation 

AD740X family 

•16-bit, 10 MSPS 
•3.75 kV isolation rating 
• Enables extreme 

accuracy in current 

monitoring 
•Starting at $4.00 



Gate Drivers 



Compact isolation 
solution for gate drive 
applications 

ADUIVI1230 

• High side isolated from 
low side 

• 100 mA, high-side and 
low-side drive 

•2.5 kV isolation rating 
•Starting at $1.85 



Communications 



Isolation tailored to 
specific communications 
buses 

ADulVI125x family 
•True bidirectional 

isolation for PC® buses 
•2.5 kV isolation rating 
•Starting at $3.05 

ADIVI2485 

•16 Mbps RS-485 
transceiver 

• Integrated transformer 
driver 

•2.5 kV isolation rating 
•Starting at $5.50 



/Coupler technology: Over 75 million isolated channels 

/Coupler technology represents the state of the art in digital isolation. Unlike common optocoupier 
isolation techniques, /Coupler combines chip scale transformer technology with analog and mixed- 
signal circuits for significant system level integration, cost savings, and functional advantages. 
These include: 

• Standard isolators that offer faster data rates, greater reliability, and up to 70% savings in board 
space and cost 

• New functionality: bidirectional data paths, combined signal and power isolation, isolation integrated 
with data converters, I^C, RS-485, and gate driver circuits 

Eliminate the performance trade-offs of traditional isolation solutions. See why leading engineers have 
chosen /Coupler technology over optocoupiers to isolate more than 75 million channels. 

For complete information on /Coupler technology, product portfolio, white papers, application notes, 
samples, and more, please visit our website. 




analog Is everywhere: 



ANALOG 

www.analog.com/icoupler-isolation ■^DEVICES 



Cadence PSpice- turning ideas into reality 




Constrained by increased design complexity and shorter design 
cycles, PCB engineers must rely on accurate simulation results 
before committing designs to hardware. Cadence® PSpice® A/D 
is a proven, advanced mixed-signal simulator with an interactive, 
easy-to-use graphical user interface that provides total control 
over the design. Availability of resources such as device models 
from many vendors, built-in mathematical functions, system-level 
simulation capability, and behavioral modeling techniques ensure 
an efficient design process. 



PSpice supports capabilities such as temperature and stress 
analysis, worst-case analysis, electro-mechanical simulation, Monte 
Carlo, and automatic optimization algorithms to improve the quality 
of designs. 

You can also design and generate simulation models for transformers 
and DC inductors and perform system-level simulations in 
conjunction with The MathWorks MATLAB® Simulink®-PSpice 
(SLPS) integration. 

Visit EMA, a Cadence Channel Partner, at www.ema-eda.com/PSpice 
to sign up for an upcoming webinar or call us at 800.813.7288. 



©2006 EMA Design Automation, Inc. All rights reserved in the U.S. and other countries. 
Cadence, the Cadence logo, and PSpice are registered trademarks of Cadence Design 
Systems, Inc. All other marks are the property of their respective owners. 
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INNOVATIONS & INNOVATORS 



Power-delivery network analyzer 
measures 50-|ulH impedance 



The Ultimetrix P4800 PDNA (pow- 
er-delivery network analyzer) mea- 
sures impedances as low as 50 
ixfl from 1 Hz to 40 MHz as a stand- 
alone instrument or to 1 8 G Hz when you 
interface it to an external vector-net- 
work analyzer. This capability allows im- 
pedance measurement of devices under 
test in a continuous sweep across more 
than nine decades of frequency. The 
methodology uses a four-point Kelvin 
technique, which, besides providing high 
accuracy and sensitivity, is immune to 
errors caused by contact resistance and 
inductance. 

The instrument's primary application 
is in characterizing power-delivery net- 
works on pc boards and in IC packages 



and for characterizing network compo- 
nents, such as decoupling capacitors and 
voltage-regulator modules. The analyzer 
allows you to test devices ranging from 
individual components to fully populated, 
live system boards. 

According to Ultimetrix, the product 
addresses a growing need for lower im- 
pedance power-delivery networks, which 
results from the use of ICs that require 
increased supply current at lower volt- 
ages. The Ultimetrix P4800 PDNA, in- 
cluding software, cabling, and a year of 
application support, costs approximately 
$46,500. For a more complete descrip- 
tion, go to www.edn.com/061 201 pi . 

-by Dan Strassberg 
I D>Ultimetrix Inc, www.ultimetrixinc.com. 




The P4800 PDNA measures impedances 
as low as 50 fjuO from 1 Hz to 40 MHz 
as a stand-alone instrument or to 1 8 GHz 
when interfaced to an external vector-net- 
work analyzer. 



(MIFROM THE VAULT 

"Not too long ago, we 
reached an important 
milestone; the value of 
software in electronic 
products outstripped 
the value of the hard- 
ware. ... Many com- 
panies and managers 
treat software as if it 
were a poor relation, 
it becomes easy to 
say, 'it's only a few 
lines of code. What 
could go wrong?"' 

—Jon Titus, Editor, EDN, Sept 2, 1991 



Mixed-signal-SOC designs get flash 
for auto and industrial applications 

The term "SOC" (system on chip) typically conjures thoughts of the incredibly dense 
digital IC that lies at the heart of a consumer-electronics product, but designers tar- 
geting auto, industrial, and similar applications need SOCs, as well. However, these 
applications demand complex analog functions and tolerance of high-voltage en- 
vironments. AMI Semiconductor targets such needs with its 0.35-micron Smart 
Power SOC process for custom-IC and structured-ASIC designs, and now design- 
ers can add flash memory to such designs. 

AMI introduced the HiMOS (high-injection-MOS) IP (intellectual property) at 
Electronica, which took place last month in Munich, Germany. The process technol- 
ogy retains stored data for 1 5 years in harsh environments and supports opera- 
tion to 80V over a -40 to + 1 20°C temperature range. Designers can now add as 
much as 64 kbytes of flash to SOC designs that can also include data converters 
and interfaces, such as CAN (controller-area network) and LIN (local-interconnect 
network).-by Maury Wright 
>AMI Semiconductor, www.amis.com. 
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Sequential-sampling scopes, TDR challenge VNAs 



Tektronix has announced 
the DSA8200 digital- 
serial-analyzer sequen- 
tial-sampling oscilloscope, 
new remote-sampling elec- 
trical modules, and enhanced 
IConnect software for serial- 
data-network analysis. Ac- 
cording to the company, the 
TDR (time-domain-reflec- 
tometry) and electrical mod- 
ules represent the most sig- 
nificant performance ad- 
vancement in TDR-test tech- 
nology in 20 years-a direct 
response to the demanding 
needs and compliance re- 
quirements of high-speed se- 
rial-data standards. 

The emergence of multi- 
gigabit-serial standards is 
driving down power budgets 
and timing margins. As a re- 
sult, accurate analysis of sig- 
nal paths and interconnects in 
both the time and the frequen- 
cy domains is critical to a full 
understanding of the effects 
of loss and crosstalk. Indus- 
try standards, such as PCI Ex- 
press, Serial ATA (advanced- 
technology attachment), XAUl 
(10-Gbps attachment-unit in- 
terface), and InfiniBand, in- 
creasingly call for the use of 
S (scattering) parameters and 
impedance measurements to 
characterize the effects and 
ensure system interoperabil- 
ity "With a 2.5-times increase 
in TDR performance and new 




According to the manufacturer, quicker setup and measurements 
will enable high-performance sequential-sampling scopes, such 
as the DSA8200, along with new TDR modules and iConnect 
software, to displace VNAs in serial-data-network analysis, 
despite VNAs' edge in dynamic range and accuracy. 



automation tools, the new 
DSA8200 perfectly match- 
es serial-data-network-analy- 
sis requirements," says a Tek 
spokesperson. "The DSA8200 
represents the highest perfor- 
mance and most cost-effec- 
tive approach to accurate and 
repeatable S-parameter mea- 

SThe modules 
include such 
usability fea- 
tures as chan- 
nel-to-channel 
and nnodule-to- 
module deskew 
of ±250 psec. 



surements at the 1- to 12.5- 
Gbps serial-data rates of cur- 
rent and emerging differential 
standards." 

The primary alternative to 
TDR has been the VNA (vec- 
tor-network analyzer), a spe- 
cialized, dedicated frequen- 
cy-domain instrument. How- 
ever, the VNA requires exten- 
sive setup and calibration rou- 
tines and can be significantly 
more expensive than a high- 
performance TDR. S-param- 
eter-measurement routines 
for serial-data-network anal- 
ysis that often require hours 
to set up and execute using 
a VNA usually take just a few 
minutes using TDR. Moreover, 
TDRs' higher noise floor and 
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lower resolution are usually 
adequate for serial-data-net- 
work analysis. 

Four new electrical modules 
feature high bandwidth and 
low noise. The modules include 
such usability features as chan- 
nel-to-channel and module-to- 
module deskew of ±250 psec, 
user-selectable bandwidth, 
and small -form -factor remote 
samplers. Each channel has a 
fully integrated 2m cable with 
a remote sampler that brings 
the TDR head close to the 
device under test, minimizing 
the effects of probes, cables, 
and fixtures and ensuring the 
highest possible system fidel- 
ity for measurement accuracy 
and repeatability. The 80E10 
dual-channel true-differential 
TDR module provides a 12- 
psec incident and 15-psec 
reflected TDR hse time, 50- 
GHz bandwidth, and 600-m.V- 
rms noise, which is the lowest 
noise at this performance level, 
according to Tek. The devices 
also feature independent step 
generation for true-differential 
measurements. 

Other modules include the 
80E08, a dual-channel TDR 
electrical module with 18- 
psec incident and 20-psec 
reflected rise times, and 300- 
IJiV-rms noise at 30-GHz 
bandwidth. Two new dual- 
channel, low-noise electri- 
cal modules, the 80E09 and 
80E07e, feature 450-^xV-rms 
noise at 60 GHz and 300- 
jixV-rms noise at 30 GHz, re- 
spectively. US list prices for 
the DSA8200 mainframe 
begin at $20,900. Prices for 
TDR modules, sampling mod- 
ules, and iConnect software 
packages start at $27,100, 
$22,000, and $7900, respec- 
tively-by Dan Strassberg 
oTektronix Inc, www.tek.com. 
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Rugged, Reliable, 
and Ready-to-go 

Based on the Embedded 
Platform for Industrial 
Computing (EPIC), the EPX-C3 
combines the processor and I/O 
functions required for medical, 
transportation, instrumentation, 
communication, MIL /COTS, 
security, and other demanding 
applications. 

Fanless 733MHz C3 Processor 
Up to 2GB Flash memory 
4x AGP CRT/LCD controller 
10/100 Mbps Ethernet 
USB 2.0 support 
4 COM channels 
24 Digital I/O lines 
EIDE, FDC, and Kybd controllers 
PC/104 & PC/104-P/ws expansion 
-40°C to +85°C operation 
Size: 4.5"x 6.5" (115mm x 165mm) 
Quick Start Developers kits for Windows® 
XP, CE, and Linux 

Profit from our proven experience. We 
look forw^ard to the opportunity to dem- 
onstrate how our success in the industrial 
market can work for you. 



Call 817-274-7553 or 

Visit www.winsystems.cofn 

Ask about our 30-day 
product evaluation! 
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epic 



Platinum Vendor I 




WinSystems" 



Temperature 



715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 
E-mail: info@winsystems.com 
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Microcontrollers build in support 
for off-chip SDRAM and flash 



ARM7-core-based mi- 
crocontrollers, smaller 
and consuming less 
power than ARM9-core de- 
vices, are workhorses for 
low-power embedded-system 
applications operating from 
batteries. However, to take 
advantage of built-in support 
for SDRAM, NAN D flash, and 
CompactFlash off-chip mem- 
ories, designers have had to 
use ARM9 or equivalent mi- 
crocontrollers. 

Addressing the desire to 
use ARM7, Atmel's new AT- 
91SAM7SE512, SAM7SE- 
256, and SAM7SE32 micro- 
controllers bring built-in sup- 
port for these off-chip mem- 
ories to ARM7 applications. 
The EBI (external-bus-in- 
terface) controller supports 
32-bit off-chip memory in 
TruelDE mode, and it includes 
an integrated ECC (error- 



correction-code) coproces- 
sor for NAN D flash. The larg- 
er memory supports features 
such as multilanguage da- 
ta that you load at runtime or 
more extensive data logging 
for applications such as por- 
table heart monitoring. 

Using systems with exter- 
nal memory entails additional 
security risks, so the SAM7SE 
devices employ techniques to 
protect the system from ma- 
licious actions. For example, 
the microcontrollers boot on- 
ly from internal memory Also, 
the devices employ a flash se- 
curity bit that disables the fast- 
flash-programming interface 
and JTAG access to the on- 
chip flash memory. In addition, 
the memory-protection unit 
in the devices can limit code 
execution from on-chip flash 
to prevent executing code di- 
rectly from external memory. 



The on-chip flash uses a dual- 
bank architecture to support 
a true read-while-write capa- 
bility and to offer additional 
protection to the system from 
power loss or cable discon- 
nections when using the in- 
application programming for 
firmware upgrades. 

The SAM7SE supports a 
migration path for SAM7S us- 
ers by maintaining software 
compatibility. The new devices 
expand the general-purpose- 
1/0 count from 32 to 88 pins 
to accommodate the EBI or to 
enable use of the devices' on- 
chip peripherals without mul- 
tiplexing the peripherals when 
the EBI is not in use. The EBI 
supports a static-memory in- 
terface with built-in support 
for multiple chip select to fa- 
cilitate interfacing to FPGAs. 
The SAM7SE devices also 
include an 11 -channel pe- 
ripheral-DMA controller with 
three programmed-l/0 con- 
trollers to offload the data- 



movement processing from 
the CPU, including directly 
storing streaming data in the 
external memories. 

On-chip communication in- 
terfaces includethree USARTs, 
USB, TWI (two-wire interface), 
PS, andSPI.TheSAM7SE512 
also includes four PWMs; an 
eight-channel, 10-bit ADC; 
three 1 6-bit timers; a watch- 
dog timer; a real-time clock; a 
crystal oscillator; and supervi- 
sory features like those on 8- 
bit microcontrollers, including 
brownout detection and pow- 
er-on-reset. 

The AT91SAM7SE512, in- 
cluding 512 kbytes of on-chip 
flash, is available now in 128- 
pin "green" OFP or BGA pack- 
ages and sells for $8.43 and 
$9.38, respectively (10,000). 
The AT91SAM7SE256 and 
AT91SAM7SE32 with 256 or 
32 kbytes of on-chip flash will 
be available in early 2007 

—by Robert Cravotta 
i>Atmel, www.atmel.com. 



1 00-MHz to 1 -GHz LXI scope modules provide 
two or four analog, 1 6 logic-timing channels 



If you think that a scope with a huge display can't fit into 1 % in. 
of rack space, think again. Scopes with external displays can 
accomplish this feat. The display can be part of a PC, but no 
PC is necessary if the scope provides its own 1 024x768-pixel 
XGA interface to popular video monitors. Agilent takes this ap- 
proach in its 6000L series of two- and four-channel, 1 00-MHz-, 
500-MHz-, and 1 -GHz-bandwidth LXI Class C DSO (digital- 
storage-oscilloscope) modules with optional 16-channel MSO 
(mixed-signal-oscilloscope) capabilities. Memory depth is 8M 
points/channel on two-channel units and on four-channel units 
in the two-channel (interleaved) mode. The scopes provide the 
manufacturer's MegaZoom feature for detailed viewing of fine 
details in long waveform records. 

Prices, including software that provides full control over the 
units, range from $9695 for a two-channel, 100-MHz module 
that takes 2G samples/sec/channel and has no MSO capabili- 
ties to $23, 1 95 for a four-channel, 1 -G Hz-bandwidth instrument 
that takes 4G samples/sec/channel in interleaved mode and in- 
cludes MSO capabilities. You can add MSO capabilities to any 
6000L scope without returning the scope to the factory or even 
using a screwdriver; you merely have to purchase and enter the 
software key that enables the feature. For applications in which 
data security is paramount, you can purchase the units with a 
factory- in stalled secure environment at no additional cost. 



The 6000L units target use in test systems in which rack 
space is usually at a premium. Because nearly all such systems 
include a suitable display, the scope's screen generally adds no 
cost and takes no extra space. When you use the XGA port, the 
LXI scopes are fully compatible with the manufacturer's 6000A 
series and even offer some extra features. The rear panel hous- 
es Ethernet, IEEE 488, and USB 2.0 interfaces; the XGA output; 
trigger inputs; and the connector for the 1 6 digital MSO inputs. 
The front panel hosts the analog inputs; status indicators; an in- 
tensity control; and a second USB 2.0 connector, which makes it 
convenient to use a USB memory stick for waveform capture. 

-by Dan Strassberg 

Agilent Technologies, www.agilent.com/find/6000L. 
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By using a separate monitor, you can fit three four-channel LXI 
scopes in just 60% of the rack space that only one functionally 
equivalent benchtop unit occupies. 
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The FPGA Eye Opener! 




Transmit eye diagram at 6.375 Gbps. For characterization details, see www.altera.com/stratix2gx/characterization. 



The complete transceiver solution with best-in-class signal integrity. 



Stratix'' II GX FPGAs offer the industry's most comprehensive 
solution for high-speed serial applications. With significantly 
lower power consumption than competing devices, Stratix II GX 
FPGAs have up to 20 transceivers performing with exceptional 
noise immunity from 622 Mbps to 6.375 Gbps. Designers 
have immediate access to Quartus® II software support and 
an array of intellectual property (IP) cores, system models, 
development boards, and collateral — everything needed to 
complete a design in the shortest amount of time. 

Discover Stratix II GX FPGAs today at www.altera.com. 



• Up to 20 transceivers with dynamic pre-emphasis, 
equalization, and output voltage control 

• Best-in-class signal integrity from 622 Mbps to 6.375 
Gbps with exceptional channel-to-channel noise immunity 

• Low power consumption (140 mW/channel at 3.125 Gbps 
and 240 mW/channel at 6.375 Gbps) while retaining best- 
in-class jitter performance 

• Dedicated circuitry supporting wide range of protocol 
standards across multiple data rates 



The Programmable Solutions Company^ 
www.altera.com 



Copyright © 2006 Altera Corporation. All rights reserved. Altera, The Programmable Solutions Company, the stylized Altera logo, specific device designations, and all other words and logos that are 
identified as trademarks and/or service marks are, unless noted otherwise, the trademarks and service marks of Altera Corporation in the U.S. and other countries. All other product or service names 
are the property of their respective holders. Altera products are protected under numerous U.S. and foreign patents and pending applications, mask work rights, and copyrights. 



ZIGBEE 

TRANSCEIVER 

OFFERS 

PROTOCOL 

FLEXIBILITY 

Microchip has just 
introduced the new 
IEEE-802.15.4-compli- 
antMRF24J40 wire- 
less transceiver, which 
supports both ZigBee 
and lighter weight pro- 
tocols. Designers can 
use the transceiver 
with Microchip's MiWi 
(Microchip-wireless) 
stack, which the com- 
pany offers free with 
its microcontrollers. In 
addition, the company 
announced the Zena 
graphical-network- 
analyzer tool, which 
designers can use to 
configure the ZigBee or 
MiWi protocol stacks. 
The transceiver is avail- 
able for sampling now at 
$2.99 (10,000). 

-by Maury Wright 
Microchip Technology, 
www.microchip.com. 
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Multiflow USB controller 
optimizes handset data flow 



Almost every mobile 
handset these days in- 
cludes a target USB 
interface that users can em- 
ploy to link a PC and the hand- 
set. For applications such as 
sporadically updating a hand- 
set's contacts, a relatively 
simple USB implementation 
serves well. But Cypress ar- 
gues that, because more and 
more handsets feature multi- 
media capabilities and camer- 
as, those features require the 
USB connection to achieve 
480-Mbps data rates and to 
achieve that performance in a 



variety of multitasking scenar- 
ios. That theory led Cypress to 
develop the Antioch IC, which 
is both a USB and a mass- 
storage controller and the 
first member of Cypress' West 
Bridge family of USB-centric 
chips. 

Cypress claims that the 
family targets embedded- 
USB applications, although 
this first offering clearly tar- 
gets handsets. Non-USB de- 
signers may also find the chip 
useful because it takes a mul- 
tiflow approach-somewhat 
akin to how multiport memo- 




ry CONTROL REGISTER 



PROCESSOR 
INTERFACE 



H 



MICROCONTROLLER 



ACCESS CONTROL 



I 



HIGH-SPEED 

USB 2.0 
TRANSCEIVER 



MASS-STORAGE INTERFACE 



SDIO/MMC/CE-ATA 



A multiport data-flow engine lies at the heart of Cypress' Antioch 
USB and mass-storage controller that targets multimedia-capa- 
ble handsets. 



ry works-to USB operations. 
Cypress drew on its experi- 
ence in both the USB and the 
multiport-memory areas in 
developing Antioch. 

Why does a handset need 
Antioch when handset chips 
generally already support 
USB? Antioch sits between 
the handset application pro- 
cessor, the external USB in- 
terface, and some type of 
storage facility-most likely 
a hard disk or a flash mem- 
ory. The architecture allows 
data to flow between any of 
the three connection points. 
Moreover, data flow doesn't 
rely on the handset proces- 
sor. So, unlike in many other 
multimedia handsets, Antioch 
would allow users, for exam- 
ple, to download music from 
the PC into the handset's 
mass storage while talking on 
the phone. Cypress terms the 
multiflow architecture SLIM 
(simultaneous link to inde- 
pendent multimedia). 

Cypress also claims that 
Antioch adds value in sup- 
porting all of the latest stor- 
age interfaces-such as SDIO 
(Secure Digital I/O), MMC + 
(Multimedia Card Plus), and 
E-ATA (Embedded ATA)- 
whereas USB implementa- 
tions in handset chips typically 
lag behind in their support of 
the latest technologies. The IC 
also includes a NAND-flash 
controller, a USB transceiv- 
er, and 16 configurable USB 
endpoints. Cypress plans to 
begin production shipments 
in the first quarter of next 
year at a price of less than $4 
(500,000). 

—by Maury Wright 
Cypress Semiconductor, 

www.cypress.com. 



m FROM THE VAULT 

"Predictions of 
things to come 
at tliis time of 
year stream 
across our desic 
in large num- 
bers, and some- 
times tliese 
propliecies 
mal<e science 
fiction seem 
pretty tame." 

—Milton S Kiver, Editor, EDN, 
January 1957 
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That Sucks! 

But.. .probably not as bad as the Voltage 
Reference you're currently using. Intersil's 
ISL60002 and X60003 deliver a temperature 
coefficient of 20ppmrC AND a TYP long term 
drift of 10ppm/VlkHrs on just 700nA MAX of 
supply current. How much supply current 
does your voltage reference suck? 

Intersil's voltage references feature very high initial accuracy, very low 
temperature coefficient, excellent long term stability, low noise and 
excellent line and load regulation at the lowest power consumption 
currently available. These voltage references enable advanced 
applications for precision industrial and portable systems operating at 
significantly higher accuracy and lower power levels than can be 
achieved with conventional technologies. 



2.5020 



VOUT ACCURACY vs TEMPERATURE 
NORMALIZED TO 25X (Output = 2.5V) 
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TEMPERATURE COEFFICIENT 
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Lower Tempco than any device 
with lower supply current. 
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ISL60002 and X60003 Key Parameters 



Description 


Conditions 


Device 
Grade 


IVIIN 


TYP 


IVIAX 


Units 


Initial Accuracy 




B 


-1 .0 




+1.0 


mV 






G 


-2.5 




+2.5 


mV 






D 


-5.0 




+5.0 


mV 


Tempco 


-40°C to +85°C 








20 


ppmrc 


Supply Current 


-40X to +85X 






350 


700 


nA 


Input Range 


-40X to +85X 




2.7 




5.5 


V 


Long Temi Drift 


ATA=25X 






10 




ppmYlkHrs 



Datasheet, free samples, and more 
information about Intersil's entire 
family of Voltage References 
availableatwww.intersil.com 
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GLOBAL DESIGNER 



Communications 
processors support 
ZigBee 2006 



The PowerQuicc III encom- 
passes the MPC8568E and 
MPC8567E, both including a 
Power Architecture core and 
supporting clock speeds as 
high as 1.33 GHz. 



The PowerQuicc series 
of communications pro- 
cessors from Freescale 
Semiconductor has evolved 
over many years. The latest 
generation of devices, Pow- 
erQuicc III, meets the needs 
of broadband-network-infra- 
structure equipment, such as 
3G- or next-generation cel- 
lular or WiMax base stations. 
The company shaped the 
device's features to handle 
the multiprotocol-interwork- 
ing tasks in applications such 
as gateways and ATM (asyn- 
chronous-transfer-mode), 
TDM (time-division-multiplex- 
ing), and IP (Internet Protocol) 
equipment, in which packet- 
based IP traffic coexists with 
legacy formats. 

This release encompasses 
the MPC8568E and MPC- 
8567E, both including a Pow- 



er Architecture (PowerPC) 
core from the e500 series 
and supporting clock speeds 
as high as 1 .33 G Hz. The core 
has 512 kbytes of Level 2 
cache and has a benchmark 
performance of as many as 
3000 Dhrystone MIPS. It 
communicates with the out- 
side world through on-chip 
Gigabit Ethernet, PCI Express, 
and Serial RapidlQ interfaces. 
The E designation in the part 
numbers indicates that both 
chips have hardware-security 
features that support the ex- 
ecution of a range of encryp- 
tion algorithms on the fly 

New in the III series is the 
Quicc engine, a programma- 
ble-function block that pro- 
vides hardware acceleration 
of the primitive operations 
specific to communications 
protocols, such as ATM, PQS 



(Packet over SQNET), Ether- 
net, PPP (Point-to-Point Pro- 
tocol), HDLC (High-Level Da- 
ta-Link Control), and TDM, 
offloading the general-pur- 
pose Power Architecture core. 
The chip also includes a table- 
look-up unit, a DDR memory 
controller, and a hardware 
floating-point unit. Freescale 
provides standard microcode 
for established protocols and 
downloadable updates for 
new and evolving ones. Devel- 
opment is on the CodeWarrior 
software platform. The chips 
will cost $100.80 (10,000). 

Addressing the slower end 
of the data-communications- 
speed range, Freescale's 
Jon Adams, director of radio 
technology and strategy in 
the company's wireless- and 
mobile-systems group, com- 
ments on the recent revision 
to the ZigBee specification: 
"The changes the ZigBee Al- 
liance [www.zigbee.org] has 
made are essential to allow 
ZigBee deployment as the 
alliance intended. The revi- 
sion process focused on the 
top four issues that develop- 
ers had identified." For ex- 
ample, although the ZigBee 
outline specification in prin- 

a ZigBee 
product 
development 
will soon enjoy 
a new impetus, 
with activities 
beyond the 
technology 
market. 



ciple allows for 216 nodes, 
a network could in practice 
handle only those networks 
with 100 or fewer nodes. 
The changes, which include 
modifications to the proce- 
dures for address allocation, 
extend that capability to al- 
low ZigBee to handle thou- 
sands of nodes, which, Ad- 
ams says, real-world indus- 
trial networks will require. 

Qther changes improve 
areas such as security; Adams 
believes that ZigBee product 
development will soon enjoy 
a new impetus, with activities 
beyond the technology mar- 
ket. These activities could in- 
clude progress on branding 
for products at the consum- 
er level. The ZigBee Alliance 
has discussed the merits of a 
single ZigBee brand as op- 
posed to brand identification 
specific to different product 
sectors. Freescale has a vari- 
ety of ZigBee products: both 
separate radio and base- 
band architectures and "sin- 
gle-package" offerings. The 
company declines to disclose 
whether the single package is 
a single RF and baseband die 
or a multichip package. The 
company also sells 802.15.4 
products without the ZigBee 
protocol stack if you want 
to develop a proprietary de- 
vice or an even more basic 
802.1 5.4 radio offering. Free- 
scale is about to announce a 
ZigBee software stack that 
it has developed entirely in- 
house. (The company previ- 
ously used a third-party prod- 
uct.) The new stack will fully 
comply with the 2006 revi- 
sion. A bill-of-materials cost 
for this ZigBee module will be 
$4 to $4.50(10,000). 

—by Graham Prophet, 
EDN Europe 
> Freescale Semicon- 
ductor, www.freescale.com. 
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Intersil Analog Switches 




Are Your Switches 
Tough Enough? 

A reliable handheld needs a reliable switch. 
Intersil's family of 1.1V to 4.5V, SubQ Analog 
Switches not only provides the industry's lowest 
distortion, but also the industry's best protection 
against life's occasional shocks and drops. 

Intersil's complete line of SubQ Analog Switches has everything 
you're looking for. The ISL84684, available in tiny TDFN package, 
provides superior Rqn performance with an ESD HBM rating of >9kV. 
Our new ISL8468411 delivers O.OSQ Rqn flatness in a super small 
2mm X 1.5mm chipscale package. 



1 



o 




ISL84684 Typical Performance 



Device 


Function 


Ron 
@2.7V 


Ron 
Flatness 
(£2) 


ESD 
(HBM) 


Supply 
Voltages (V) 


Packages 


ISL84714 


SPDT/2:1 Mux 


0.44 


0.06 


6kV 


1.6 to 3.6 


SC70-6 


ISL84715 


SPST (NO) 


0.26 


0.04 


4kV 


1.6 to 3.6 


SC70-5 


ISL84716 


SPST (NC) 


0.26 


0.04 


4kV 


1.6 to 3.6 


SC70-5 


ISL43L210 


SPDT/2:1 Mux 


0.44 


0.06 


6kV 


1.1 to 4.5 


SC70-6 


ISL43L110 


SPST (NO) 


0.26 


0.04 


4kV 


1.1 to 4.5 


SC70-5 


ISL43L111 


SPST (NC) 


0.26 


0.04 


4kV 


1.1 to 4.5 


SC70-5 


ISL84762 


2xSPDT/2:1 Mux 


0.29 


0.03 


9kV 


1.6 to 3.6 


TDFN, MSOP 


ISL84684 


2xSPDT/2:1 Mux 


0.29 


0.03 


9kV 


1.6 to 3.6 


TDFN, MSOP 


ISL8484 


2xSPDT/2:1 Mux 


0.29 


0.03 


9kV 


1.6 to 4.5 


TDFN, MSOP 


ISL43L220 


2xSPDT/2:1 Mux 


0.23 


0.03 


9kV 


1.1 to 4.5 


TDFN 


ISL43L410 


DPDT/Diff2:1 Mux 


0.29 


0.03 


9kV 


1.1 to 4.5 


TDFN, MSOP 


ISL43L120 


SPST (NO) 


0.17 


0.008 


8kV 


1.6 to 3.6 


TDFN, MSOP 


ISL43L121 


SPST (NC) 


0.17 


0.008 


8kV 


1.6 to 3.6 


TDFN, MSOP 


ISL43L122 


SPST (Mix) 


0.17 


0.008 


8kV 


1.6 to 3.6 


TDFN, MSOP 


ISL43L710 


DiffSPST(NO) 


0.17 


0.008 


8kV 


1.6 to 3.6 


TDFN, MSOP 


ISL43L711 


DiffSPST(NC) 


0.17 


0.008 


8kV 


1.6 to 3.6 


TDFN, MSOP 


ISL43L712 


Diff SPST (Mix) 


0.17 


0.008 


8kV 


1.6 to 3.6 


TDFN, MSOP 


ISL83699 


Dual DPDT/Diff2:1 Mux 


0.3 


0.06 


9/4kV 


1.6 to 3.6 


QFN, TSSOP 


ISL84780 


Dual DPDT/Diff2:1 Mux 


0.45 


0.07 


4kV 


1.6 to 3.6 


TQFN, TSSOP 


ISL8499 


Dual DPDT/Diff2:1 Mux 


0.3 


0.06 


9/4kV 


1.6 to 4.5 


QFN, TSSOP 


ISL43L420 


Dual DPDT/Diff2:1 Mux 


0.3 


0.06 


9/4kV 


1.1 to 4.5 


QFN 


ISL84781 


8:1 Mux 


0.41 


0.056 


4kV 


1.6 to 3.6 


TQFN, TSSOP 


ISL84782 


Diff 4:1 Mux 


0.5 


0.056 


4kV 


1.6 to 3.6 


TQFN, TSSOP 


ISL43L840 


Dual 4:1 Mux 


0.5 


0.056 


4kV 


1.6 to 3.6 


QFN, TSSOP 


ISL43L841 


Diff: 4:1 Mux 


0.5 


0.056 


4kV 


1.6 to 4.5 


TQFN, TSSOP 



ON RESISTANCE vs. SUPPLY VOLTAGE 
vs. SWITCH VOLTAGE 





i/+ = 1.5V 


ICOM ' 


100mA I 






















V+ = 3.6V 












v+ 









VcoMfV) 

SIGNAL to DISTORTION 

2.5Vpp, 20m W Across 32 Load 
V+=3.6V, Filter <10Hz to >500kHz 



0.0144 
0.0142 
0.0140 
0.0138 
0.0136 
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Datasheet, free samples, and 
more information available at 
www.intersil.com [j^ 

inteikil. 
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BEAM SPUTTER 



RESEARCH UPDATE 



BY RON WILSON 

Ferroelectric 
holographic 

Holographic-data stor- 
age has been one 
of the continuing re- 
search quests that always 
seems to have great theo- 
retical merit but even great- 
er implementation problems. 
In principle, the technology 
allows you to store a pattern 
on an optical-recording me- 
dium in a highly compressed 
format by printing an optical- 



LCD enables 
recording 

ly reduced holographic image 
of the pattern onto the mate- 
rial. If the pattern is a 2-D ar- 
ray of pixels, such a technique 
can store random binary data. 
But finding an appropriate re- 
cording medium, appropriate 
laser, optically stable yet inex- 
pensive light paths, and a suit- 
able device for generating the 
patterns in the first place have 
all been problematic. 



In this experimental setup, a 
spatial-light modulator would 
work in the shutter location. 
In practice, the crystal would 
be the surface layer of a holo- 
graphic disk. 



Now, ferroelectric-liquid- 
crystal specialist Display- 
tech has announced a new 
liquid-crystal-light valve for 
use in generating the opti- 
cal patterns for holograph- 
ic-data recording. The SLM 
(spatial-light modulator), a 
121 6X1 21 6-pixel array of 
liquid-crystal cells, modulates 
polarized light from a blue la- 
ser to create the data beam 
for optical recording in a holo- 
graphic medium. 

Displaytech claims that the 
device suits holographic-re- 
cording applications because 
it employs ferroelectric tech- 
nology within the liquid-crys- 
tal cells, which makes possi- 
ble the device's high switch- 
ing rate and allows it to sus- 
tain a 1 .1 -kHz frame rate. 

You feed data to the SLM 
in roughly 1-Mbit blocks, set- 
ting the binary states of the 



pixels. Flashing a laser along 
two paths, a reference path 
directly onto the surface of 
an optical disk and a datapath 
through the SLM, causes the 
recording of an interference 
pattern, much smaller than 
the area of the SLM, onto the 
disk. This pattern contains 
all of the information neces- 
sary to construct the original 
121 6X1 21 6-pixel pattern of 
ones and zeros. 

The high frame rate of 
the SLM allows you to more 
quickly record frames on the 
disk. And the fact that the 
SLM area is small makes 
the modulator a good fit for 
the geometry of optical-holo- 
graphic-disk prototypes. (Pre- 
vious applications for Display- 
tech's ferroelectric LCDs in- 
clude displays on digital cam- 
eras and in goggles.) The de- 
vice needs no extreme optics 
to reduce the area of the light 
beam passing through a large 
modulator to the small area on 
the disk. 

Displaytech, www.display 
tech.com. 



X-RAY-IMAGING CONG 



L SINGLE NANOSCALE STRUCTURES 



A free-electron laser, which 
has emerged as a new kind 
of X-ray-photon source, may i 
address the limitations of I 
conventional X-ray-diffrac- _ ..J^ _ 

tion techniques, according 
to recent results from Stan- 
ford University. They get their 
power from high-energy elec- 
tron sources. The devices can Stanford University research- 
output staggering amounts of created this X ray diffrac 

power: Stanford researchers P^"^^" ^ nanoscale 

object. 

estimate that a free-electron 

laser that the university is now constructing at SLAC (Stan- 
ford Linear Accelerator) will be 10 billion times more in- 
tense than any existing X-ray source on earth. 

Such intensities make it theoretically possible to obtain 
an X-ray-diffraction pattern from a single nanoscale object. 
The device would diffract enough energy from the object 
for sensors to record. Unfortunately, such intensity also 
means that the object in question would lose its electrons 



d reach almost immediate destruction, so only a ti- 
ny window would be available in which to capture the 
diffraction pattern before the object in question be- 
came a dispersing cloud of plasma. You may suspect 
that, given this limitation, weapons-related applica- 
tions for free-electron lasers emerge, as well, if re- 
searchers can address the inconvenience of the 
energy source. 

An international team of researchers, led by Stan- 
ford professor Janos Hajdu, has solved this problem. 
Mathematical models predicted that a sufficiently fast 
burst of X-ray photons would allow sensors to cap- 
ture a diffraction image before the object dispersed. 

Using a free-electron laser at Deutsches Elek- 
tronen-Synchrotron in Hamburg, Germany, the re- 
searchers verified by careful tuning that an intense 
25-fsec pulse from the laser was sufficient to create 
an image. 

Stanford Linear Accelerator, www-ssrl.slac. 
stanford.edu. 
Deutsches Elektronen-Synchrotron, www.desy.de. 
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The shortest path — 

from prototype to volume production. 

Toshiba custom SoCs are the fastest way to go from design to market success. 



Whether you need production-volume custom SoCs, are looking for a better alternative to 
structured ASICs, or need to take your FPGA to high-volume production — Toshiba is your path 
through the maze of options. Toshiba is the worldwide leader in the design and manufacture of 
complex, custom SoC designs. Our proven IP platform and advanced foundry model will get your 
design to volume production faster, with better performance, density, and unit cost. 

Our proven IP libraries offer the highest possible performance — without a cost penalty — and 
a faster design cycle with effective management of the IP process and libraries. This 
includes 95% Open Core Protocol-wrapped for design ease and efficiency, and an IP design kit 
for concurrent, rather than sequential, die and package design. 



Win a Bluetooth 
headset online. 

ApplyyourSoC pedigree! 
Qualified engineers can 
win one of three prizes 
(while supplies last) when 
you match wits with J.R. 
SoCrateez. Take his SoC 
IQ Test online now at: 
socworld.toshiba.com. 
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BY HOWARD JOHNSON, PhD 



Eye of the probe 



y differential probe touches two surface4evel signal 
traces, directly adjacent to the input balls of a 2.5- 
Gbps digital deserializer in a large BGA package 
(Reference 1). The signal arrives from an optical-to- 
electrical converter some 6 in. away. 
Figure 1 illustrates one -half of that measurement 
setup as a single-ended circuit, omitting all complementary differential- 
circuit elements. 




Capacitor represents the sur- 
face-mount soldering pad and ball at 
the periphery of the BGA package. 
Inside, the signal traverses 1.25 in. of 
internal BGA-substrate routing be- 
fore reaching an on-die end termina- 
tion and the input capacitance, C^, of 
the receiver. 

In this circuit, I suspect, my probes 
significantly affect the measurement. 



100 mV/DIV 



To test that theory, I took the mea- 
surement first using one and then two 
probes in tandem. 

The two probe models in Figure 1 
each depict one complementary half 
of a differential probe. For Probe 1, 
the model includes three parts. In- 
ductor represents the size and 
shape of the probe tips. Internal re- 
sistor damps internal resonances. 



PROBE 
MODELS 




200 PSEC/DIV 

HYPERLYNX VERSION 7.7 ^ L2 




1.25 IN. 
188 PSEC 
48.80 

fl > 



DRIVER 



LAYER 1 
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Figure 1 A second probe changes the observed waveform. 



High-end probes often include such a 
resistive feature. Capacitor C^ models 
the overall input capacitance of the 
probe head. The voltage at C^ is the 
voltage that Probe 1 "sees." The volt- 
age at C^ is the voltage that Probe 2 
sees. Your probe manufacturer may 
have a different circuit that best rep- 
resents the effects of your probe. With 
only Probe 1 connected. Figure 1 
plots the voltage at in red. Now, 
connect Probe 2. Adding Probe 2 to 
the circuit changes the voltage at 
and to the orange waveform. Ob- 
viously, the second probe affects the 
results, confirming my suspicions. 
Each probe loads the circuit and cor- 
rupts the physical measurement. 

So, how can you discern the "real 
signal" at with no probes attached? 
The purpose of simulation is to make 
this determination. By crosschecking 
physical and simulation techniques, 
you can overcome many measure- 
ment deficiencies. 

First, work on the accuracy of your 
modeling until your simulated wave- 
forms with a simulated probe match 
physical measurements taken through 
the eyes of a physical probe. Once you 
achieve that correlation, you may in- 
fer that the simulated waveform with 
no probes attached (green waveform) 
is the real McCoy.EDN 
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BY JOSHUA ISRAELSOHN, CONTRIBUTING TECHNICAL EDITOR 



Your mileage may vary 



've been enjoying relief from our high gasoUne prices thanks to the 
HEV (hybrid-electric vehicle) I've been driving. Among the car's 
features is a display that provides the instantaneous mileage, the in- 
tegral of that measure over each of the six most-recent five-minute 
intervals, and the integral since the last reset, which I initiate after 
refueling. 



With so much information at hand, 
drivers can learn how their driving style 
influences fuel economy I've used the 
display as a biofeedback system to learn 
how to squeeze the most mileage out of 
the fuel I've used, and, in all modesty, 
I think I've become pretty good at it. 
On a tank of gasoline, I can easily av- 
erage in excess of 45 mpg — more than 
50 mpg with care. Overall, I'm elated . . . 
with one sticking point. 

My vehicle's EPA (Environmental 
Protection Agency) -estimated mileage 
is 51 mpg on the highway (Reference 
1). The HEV's city-mileage rating is 60 
mpg, however, and that number, though 
attainable for short runs, is simply ho- 
kum as a representation of sustainable 
performance. 

The problem isn't with me, my vehi- 
cle, HEVs, or vehicles made by a giv- 
en manufacturer; the problem is the 
dissimilarity between the conditions 
under which the manufacturers and 
the EPA's National Vehicle and Fuel 
Emissions Laboratory collect data and 
those under which you and I drive. 
Prompted by research from Consumers 
Union, the publishers of Consumer Re- 
ports ^ the EPA announced last January 
that it will revamp its fuel-economy- 
ratings data-collection method for the 
first time in 20 years, effective with 
2008 models (references 2 and 3). Ex- 
pect falling estimates. 



Perhaps the best deadpan line on 
the subject appeared in The New York 
Times, which quoted Toyota spokes- 
person Martha Voss: "The ratings 
might change, but the performance 
of our customers' cars won't change" 
(Reference 4). For anyone who has 
spent considerable time pouring over 
specifications and designing to para- 
metric goals, this statement seems al- 
most perfect in how upside down it is. 

Yet it reminds me of an ongoing chal- 
lenge that OEM designers face when 
working with a vendor's data sheets, 
particularly those for analog and mixed- 
signal ICs, the behaviors of which tend 
to be highly parametric. Given the cost 
of production testing — a large fraction 
of an IC's full-factory cost — vendors 
must test a reasonable number of pa- 
rameters over an affordable set of con- 
ditions. From the OEM designer's per- 
spective, IC specifications and the con- 
ditions under which they apply must be 
relevant, realistic, and reproducible. 

Relevant: Test conditions must in- 
clude the range under which the IC 
will operate in your product. It sounds 
obvious, but IC makers cannot pre- 
dict the specific environment your 
product presents to theirs. So you 
must confirm that their test condi- 
tions are relevant to the environment 
your product will provide or, as they 
say, "your mileage may vary" — and 



not in ways that are dependable or 
easy to predict. 

Realistic: IC makers are usually 
clear on how OEMs are likely to use 
their products and accordingly de- 
velop test suites. Read carefully, how- 
ever, for specifications written with 
test conditions that vary for particu- 
lar parameters. Determine whether 
these are realistic within the context 
of your design. Your product's perfor- 
mance simultaneously depends on all 
critical specs. 

Reproducible: Though you shouldn't 
need to second-guess an IC maker's 
data sheet, you should be able to 
confirm critical specifications on the 
bench. As ICs provide greater func- 
tional density and increasing band- 
widths, you must be able to confirm 
that your layout does not present 
strays or coupling paths that com- 
promise the performance that your 
IC selection promises. Vendors' lay- 
out recommendations and evalua- 
tion boards can reduce your design's 
risk of failure and provide a solid ref- 
erence for comparison for little cost 
or effort.EDN 
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Implementing Single-Chip FPGA 
Power Solutions 



— By Hector E Atroyo, Sr. Field Applkatiom Ertgirieer 






Altera 
Cyclone 
FPGA 



Figure 1. 

LM2717 Dual Integrated Switching Supply for 1.5V Core and 3.3V I/O Medium-power FPGA 



T^T\/^^ A -based systems are becoming increasingly common. 
X JL VJ^JL While many designers favor FPGA-based 
architectures for the flexibility of adding features or making modifications 
through code, designing an adequate power supply involves some 
challenges. First is the multiple power rail issue. FPGAs require, as a 
minimum, one voltage for powering the core and one (or more) voltages to 
power the I/O banks. However, FPGA-based systems may require 
additional rails to power double data rate (DDR) memory, transceivers, 
Ethernet Physical Layer ICs (PHYs), ADCs or small microcontrollers. 
Additionally, these voltage rails need to have specific characteristics: sub- 1.25V 
outputs, monotonic ramp-up, sequencing, and controlled rise time etc. 

While design engineers and semiconductor manufacturers make continuous 
efforts to provide integrated, easy-to-use alternatives, many times it is still up 
to the designer to leverage available features and go beyond the typical 
datasheet circuit to implement an optimal solution. Through this article, we 
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Enhance Digital Processor Power Management with 
Dynamic Voltage Scaling (DVS) 



LM3370 Dual Buck Regulator Provides Highest Efficiency for FPGAs and 
Multimedia Processors 



Automatic PFM-PWM mode switching 
provides high efficiency at all loads 
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PC DVS interface scales 
power to match processor 
clock frequency SCL^ 



Lowest Iq (<20 pA) 
extends battery life 
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2 MHz operation enables smaller external 
components and minimizes footprint 
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Power-on-reset prevents 
fault condition in processors 
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Up to 600 mA 



Spread spectrum reduces noise 
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Ideal for low-power FPGAs, CPLDs, 



and application processors 




For FREE samples, datasheets, and more information, visit 



www.nationaLcom/pf/LM/LM3370.html 
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Figure 2. 

LM3370 Dual Integrated Synchronous Switching Supply 
for 1.2V Core and 2.5V I/O and Vccaux Low-power FPGA 



Implementing Single-Chip FPGA Power Solutions 

will explore some available multi-output regulators 
that can be used as single-chip FPGA power supplies 
and techniques on how to implement sub- 1.25V 
outputs from readily available bandgap regulators. 

Figure 1 shows a simplified diagram of a typical 
application to power an FPGA (like a Cyclone 
device from Altera) with a single-chip power 
supply. Nationals LM2717, an integrated dual- 
output switching regulator 1C» is set to provide 
1.5V at 2A (3.2A peak) to the core and 3.3V at 
1.5A (2.2A peak) to the I/Os. 

The LM2717 is medium-power, single-chip 
solution with the simplicity and flexibility needed 
to implement a compact, greater than 90 percent 
efficient, supply matching the specifications for 
many digital multi-rail systems, including FPGAs, 
from a variety of sources: 5V, 12V or wall warts in 
the 4V to 20V range. The LM2717 comes with 
one adjustable output and one fixed output at 
3.3V, a very common rail, which helps save space 
and increase output voltage accuracy by 
implementing internal output-voltage-setting 
resistors on this output. The LM2717-ADJ is a 
variation of the original LM2717 IC that allows 
both outputs to be adjustable, which is very useful 
if a different I/O voltage is needed. 

Alteras literature on Cyclone and Cyclone II, as well 
as many other latest generation FPGAs such as 
Xilinx Spartan 3E, state that those FPGAs do not 
require any specific sequencing on their voltage rails 
during power-up. However, individual enable pins 
(SHDNl & SHDN2) are still present on the 
LM2717 to turn on each output at a specific time or 
in a specific order should this be necessary for the 
system or when powering other FPGAs. In the same 
fashion, individual soft-start pins (SSl and SS2) 
allow the LM2717 to set different ramp-up times for 
each output voltage to meet manufacturer specifica- 
tions for individual FPGAs and other digital cores. 



Xilinx 
Spartan 3L 
FPGA 



Figure 2 shows a low-power 1.2V, 90 nm FPGA 
(Spartan 3L from Xilinx) powered by the LM3370, 
a dual 600 mA per channel integrated synchronous 
buck regulator. 

Voltage for one channel can be adjusted from IV to 
2V in 50 mV steps (ideal for core power) while the 
other channel can be programmed for an output of 
1 .8V to 3.3V in 100 mV steps (ideal for I/O power). 
Individual enable pins, internal soft-start, fast 
transient response, and power-on -reset flags for each 
output make this IC a single-chip minimum- 
external-components solution optimized to power 
low-power FPGAs and other multi-rail digital cores. 

While the LM3370 can be used off-the-shelf 
because pre-programmed output voltages and 
individual enable pins are available. An on-board 
FC-compatible interface allows the user to 
optionally modify various parameters of the IC, 
even dynamically, for added flexibility. These 
parameters include output voltage setting 
(per channel), output enable (per channel), 
switching mode selection (auto PWM-PFM for 
high efficiency under light-loads or fixed PWM for 
fixed frequency operation), spread spectrum feature 
enable, and spread spectrum frequency range 
selection. 
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Easy-to-Use Power Management Units for Digital ICs 



96% Efficient LP3906 Provides Flexibility with Digital Programmability 



V,N = 2.7to 5.5V 



2 Programmable buck 
regulators to support 
core and other high 
current rails 



2 Programmable LDOs 
to support internal 
processor functions 
and peripherals 
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Ideal for powering application processors, FPGAs, and DSPs where size and efficiency are important 



For FREE samples, datasheets, and more information, visit 



www.national.com/pf/LP/LP3906.html 
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Implementing Single-Chip FPGA Power Solutions 
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Figure 3. 

LM2633 Triple Switching/Linear Controller Supply for 
1.0V Core, 3.3V I/O and 2.5V Vccaux High-power FPGAs 



The simplified diagram in Figure 3 shows the 
implementation of a three-rail, higher power FPGA 
supply. In this case, an LM2633 controller is provid- 
ing l.OV to a Xilinx Virtex 5 core, 3.3V to the I/Os 
and 2.5V for V(x:.\,^:x- The LM2633 is a triple 
output IC, and is a perfect example of how existing 
technology can he leveraged for new purposes, tak- 
ing it out of its original context. Two of the three 
LM2633 outputs utilize a synchronotis rectification 
buck architecture to provide miiximum efficiency to 
medium and high current loads (5A to 15A per 
channel) while it also integrates an 
LDO controller for a third low-power 
output. One of the switching outputs 
has a voltage range between 0.900 and 
2.000, making it a perfect fit for 
powering the core of digital devices. 
The second switching output has a 
range of 1.25V to 6V, adequate for 
I/Os, memory, and other loads. For 
higher accuracy and flexibility, the low 
voltage output is programmable 
through a 5-bit parallel digital word 
that can be either hard-wired or tied to 
a processor for dynamic voltage scaling 
if desired. 



For applications where only a dual 
synchronous buck controller with 
sub- 1.25V outputs is needed, the 
LM2657 provides a good alternative 
in a fewer pin-count package. For 
lower power applications where three 
or four rails are needed, the LP3906 
is also an excellent alternative, provid- 
ing two fully integrated 1.5A 
synchronous switching outputs and 
two 300 mA LDO outputs, all in a 
single package. 

As seen from the previous examples, 

most of todays FPGAs require 1 .50V, 

1 .20V and sometimes even a lower core voltage (as 
Xilinxs newest Virtex 5 series of FPGAs which have 
a l.OV 65 nm core). Many regulators in the market 
have a regular 1.25V bandgap reference. Fibres 4 
and 5 show simplified diagram examples of how to 
use regular bandgap ICs (like the LM2717) to power 
such sub-bandgap digital loads. Fundamental 
operation of the voltage converter remains the same, 
but the way in which the resistive voltage divider is 
referenced to program the regulator's output voltage 
is different. 
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Figure 4. 

LM2717 1.2V Core, 3.3V I/O Dual Integrated Switching FPGA Supply Using 
the 3.3V Rail as Auxiliary Voltage for Sub-1.25V Core Voltage Generation 
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1.2V Output LDO Enables Powering of Latest Generation 
Digital Cores 



LP3879 800 mA LDO Provides ± 1% initial Output Accuracy 
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LP3879 Features 

• 1% initial output accuracy 

• Input voltage: 2.5V to 6.0V 

• Custom voltages available from 1.0V to 1.2V 

• <10 pA quiescent current in shutdown 

• Low 18 pV output noise reduces noise 

• Available in PSOP-8 and LLP-8 surface mount packages 
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1.3V to 5,5V* 


3A 


Enable Pin 


LP38859 




O.BV to 1.2V 


1.3V to 5.5V* 


3A 


Soft Start Pin 


LP3879 




IV to 2V 


2.5V to 6V 


800 mA 


Shutdown Pin 


LP3878 




IV to 5.5V 


2.5V to 16V 


800 mA 


Adjustable Output 


LP5951 




1.3v to 3.3V 


1.8V to 5.5V 


150 mA 


Low 29 pA quiescent current 



' 3V to 5.5V input bias rail required 



For FREE samples, datasheets and more go to 
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In any closed-loop regulator circuit, 
the output voltage, after being scaled 
down by a resistor divider, is compared 
to an internal reference. If this reference 
is 1. 25V, then the scaled-down sample 
of the output voltage, which is injected 
to th'> regulator IC through the FB pin, 
necie ao be set to match this value to 
maiie nin regulation. In a typical sys- 
terd>'this FB voltage divider is placed 
beintain the output (highest potential) 
am, ^th)und (lowest potential) since the 
F^rv^eritage (1.25V) falls within this 
nidge'oin a system that requires the output voltage to 
^"B bel>lt;v the internal reference value, we still need to 
provide a matching voltage (1.25V) to the FB pin, 
however this value won't fall now between Votn 
(which is now lower) and ground. The way to 
achieve it is by placing the voltage divider between 
VoLi j (now becoming the lowest potential and the 
lower end of the divider) and any auxiliary voltage 
above 1.25V (to serve as the higher potential). 

The example in Figure 4 uses Altera s Cyclone II 
1.20V FPGA and Nationals LM2717 to show the 
simplest implementation for this configuration, with 
the higher voltage being the 3.3V rail itself 
Adequate filtering and layout for this rail is impor- 
tant (a decoupling ceramic capacitor close to where 
the resistive divider lower end meets the 3.3V rail is 
recommended) because regulation on the sub- 
bandgap output will depend on the stabilit)^ of this 
rail. Sequencing is also important, because 3.3V rail 
needs to be present for proper regulation before the 
core voltage output is turned on. 

In most FPGAs, the nominal 1. 20V or l.OV core 
supply voltage needs to be stable within ±50 mV or 
±60 mV, so all transients, ripple and tolerance 
variations need to be kept within that limit. 

Figure 5 shows an alternate method for achieving a 
sub-bandgap output using an independent source 




Altera 
Cyclone II 



Figure 5. 

LM2717 1.2V Core, 3.3V I/O Dual Integrated Switching FPGA Supply 
Using an LM4040 Shunt Reference for Sub-1.25V Core Voltage Generation 



for the auxiliary rail, in this case a small, low-cost 
shunt reference (precision Zener), such as Nationals 
LM4040CIM3-2.5 (0.5%) or LM4040DIM3-2.5 
(1%). This approach allows potential transients seen 
in the 3.3V output not to be cross-coupled to the 
regulation of the 1.20V output. It also allows the 
3.3V rail to be powered up aher the 1.2V rail, or he 
turned off at any time without disturbing the 1.2V 
output regulation. Accuracy of this output is 
dependent on the line regulation of the selected 
voltage reference. Because core voltage accuracy is 
important in the application, selection of the right 
voltage reference is key. 

Multiple resources are available today to assist 
designers craft the optimal power supply for their 
application. For example. Nationals Power Fxpert 
software tool, easily guides the user through select- 
ing the FPGA of their choice, picking up the 
supply rails and operating conditions and Hnally 
recommending the power IC solution that matches 
the designers top requirements, whether these are 
maximum efficiency or design simplicity. It also 
connects to National's WEBENCH design 
environment for component selection around the 
selected regulator IC and circuit simulation (if these 
features are available for the selected regulator). ■ 

For additional information on these tools, visit 
altera. natianal.cam and xilinx.national.com. 
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Flash memory shines brightly 
as code and data store 

TECHNOLOGY MOVED FROM LOW-DENSITY SPECIALIZED 
APPLICATIONS TO THE MAINSTREAM. 

Toshiba invented the flash-memory concept in 
1984* But when EDN first covered real prod- 
ucts four years later, the "flash" moniker had yet 
to take hold. Although it used the word "flash" 
in its headline, an Oct 27, 1988, EDN article, 
"Conventional EEPROMs and flash EEPROMs 
offer a spectrum of bit densities" (see the excerpt below and 



www-ednxom/article/CA63 7 1 935 for 
the full article), actually suggested that 
these new devices should be called 
"full^featured EEPROMs." 

The article discussed mainly spe- 
cialized applications for the relatively 
expensive form of rewritable memory. 
Fast'forward to 2006, and flash has 



enabled devices such as digital cameras 
and MP3 players that consumers would 
hate to do without. 

As happened with other memory 
types, Intel became the first, in 1988, 
to commercialize the NOR flash that 
Toshiba had described in 1984. NOR 
flash features random-access capa- 



bilities and has found most success as 
a rewritable-code store. An updatable 
PC BIOS numbered among the first 
broadly successful applications. 

Toshiba followed up the NOR in- 
vention with the invention of N AND 
flash in 1989. Generally, NAND is 
cheaper, denser, and faster than NOR 
flash. But NAND flash does not sup- 
port random access. Still, NAND 
flash, with its sequential read/write 
limitation, has proven perfect for 
data-storage in digital cameras and 
other devices. 

The 1988 article lauded flash ICs 
with 4'kbit density. Today, devices 
with 8-Gbit density and more are com- 
monplace. Alas, the semiconductor 
world is still looking for the perfect 
memory — one that offers the perfor- 
mance and price of DRAM and the 
nonvolatile nature of flash. Perhaps 
MRAM or some other disruptive tech- 
nology will find commercial success in 
the future.EDN 



Conventional EEPROMs and flash EEPROMs 
offer a spectrum of bit densities 




Applications abound for non^ 
volatile-memory devices capable 
of occasional reprogramming. The 
storage of frequently used numbers 
in telephone equipment, password 
entry in security systems, patient- 
data monitoring in medical equip- 
ment, setup operators in word 
processors and printers, and mis- 
sion-configuration parameters in 
military countermeasure equipment 
are just a few that come immedi- 
ately to mind. 

Although UV EPROMs meet the requirements of 
these applications, you have to remove them from the 
system before you can reprogram them. Theoretically, 
you could overcome this limitation by designing-in a 
large number of DIP switches, but this approach has 
practical drawbacks — imagine trying to include 2000 
DIP switches in your design! EEPROMs offer a fea- 
sible alternative. 

Nowadays, EEPROMs come in two guises. The 




flash EEPROM uses hot elec- 
trons to charge the floating gate. 
Manufacturers are still searching 
for a term to distinguish the flash 
EEPROM from its forerunner, a 
device that charges the floating gate 
through Fowler-Nordheim tunneling. 
The term most often bandied about is 
the full-featured EEPROM. 

Because tunneling requires much 
less current for programming, manu- 
facturers include charge pumps on 
fuU-featured-EEPROM chips to 
develop the high programming voltage from a standard 
5V input. In addition, the requirement of a select gate 
allows the tunneling device to be programmed on a 
byte-by-byte basis. These two features are not cur- 
rently available on flash EEPROMs. 

Read the rest of this article at www*edn*com/ 
article/CA6371935. For more Milestones That 
Mattered, visit www*edn*com/50th. 

— ^by John A Gallant, Associate Editor, Oct 27, 1988 
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Some companies are just known for their consistent quality. 

From quote to delivery, we serve up the world's best online PCB ordering. 
Consistent, quality proto-boards, every time. 

www.su n s to n e.co m 



2-6 layer, quickturn proto-boards 
Complete customer service, 24/7, 365 days a year 
Over 30 years of manufacturing experience 
The ultimate in easy online PCB ordering 



"Sunstone has done a great job with all of our orders. We rely on 
your easy online ordering system, quality m^^^ ^-^-^ i I 
boards, and fast lead times." Wt^^Wl ll 

- Sunstone customer feedback 




1 3626 S. Freeman Road Mulino, OR 97042 



503.829.9108 



^SUNSTONE 



TALES FROM THE CUBE 



WALTER LINDENBACH 




My workbench includes a Hewlett-Packard 
8405 A VVM (vector voltmeter) of 1960s vin- 
tage. The VVM can convert two inputs at fre- 
quencies of 1 MHz to 1 GHz to outputs of 20 
kHz, complete with modulation and sideband 
components. It can read signal levels as low 
as —70 dBm at full-scale and phase-difference readings over 
a range of 360° with L5° accuracy. With an APC (automat- 
ic-phase-control) PLL, it locks to the input-signal frequency 



in 10 msec- You can then measure level 
and phase angle in the presence of in- 
terference as high as —40 dBm and a 
signal level of —60 dBm. 

Measurements of samples of the 
input signal with 300'psec pulses at a 
rate of 0.98 to 2 MHz produce the 20- 
kHz IF output. Such a pulse generator 
requires large, short, stable current- 
pulse outputs from the power supply, 
and even a small inductance can cause 
instability. The "APC unlocked; check 
signal/frequency range" front-panel in- 
dicator warns that the signal level or 
the frequency is out of the instrument 
range or that something is preventing 



the APC from locking onto the input 
signal. While I was using the instru- 
ment, this indicator came on. 

Something in the unit had degen- 
erated. So, I measured every wave- 
form and voltage that could pertain to 
the PLL. The waveforms in the phase 
comparator, which resided nowhere 
near the pulse generator, were un- 
stable, but there was nothing wrong 
on the pc board. I had changed tran- 
sistors, bypassed and changed ca- 
pacitors, and checked every voltage 
with the voltmeter and scope. I also 
sought trace breaks on the pc board 
and found nothing wrong with them. 



But the PLL stRl didnt lockl 

The 300-psec sample-pulse gener- 
ator resides on a pc board in a shield 
cage with sliding clips along the sides 
to contact the ground plane, and it 
has four edge-contact pins wired to 
the chassis. The ground wires were less 
than an inch long. Clearly, the HP de- 
signers knew that this circuit needed a 
good ground. Assume a ground wire % 
in. (approximately 2 cm) long for a pc 
board with the pulse generator. The 
output is 300 psec — that is, 3X10"^° 
sec wide. Such an output has energy 
at 3 GHz. The 2 -cm ground wire has 
approximately 20 nH of inductance, or 
just about 400n reactance at 3 GHz. 
That ground is not a good one; that's 
why HP's designers used sliding clips 
and multiple ground wires. 

The ground wires were intact ac- 
cording to the ohmmeter, but, with a 
circuit like this one, that criterion is 
not final. You can get the best assur- 
ance of adequacy by duplicating the 
ground connections at the pulse-gen- 
erator edge connector. So, I connect- 
ed four more wires, each more than 1 
in. long, to a solder lug on the chassis 
and to the pc-board edge-connector 
ground pins. Now, the ground arrange- 
ment included the sliding clips along 
the pc-board sides; four wires, each 
less than 1 in. long, to a ground lug; 
and four more wires, each more than 
1 in. long, to another ground lug — re- 
sulting in a circuit with eight wires in 
parallel! 

Even for 3 -GHz energy compo- 
nents, this arrangement should pro- 
vide an adequate ground, and it did. 
The APC locked immediately. Now 
that the ground was good enough, the 
instrument worked correctly. The riv- 
ets holding the pc-board sliding clips 
to the aluminum chassis must have 
corroded over the years, causing more 
resistance. Perhaps the same situation 
was true of the ground-lug fastener that 
made the edge-contact ground con- 
nections. EDN 

Walter Lindenhach is a retired en- 
gineer. He lives in Calgary, AB, 
Canada* 
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GOOD THINGS DO COME 
IN SMALL PACKAGES 



AHP-Series Offers Ruggedness, Performance, and High Power Density for Hi Rel Applications 
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FEATURES 

• Wide operating input range: 160V-40GV 

• Highest power density in the industry 

• Output power up to 120W 

• Efficiency as high as 89% 

• Fully backward compatible 
to the AFL-Series 

The AHP-Series of 270V input, single and 
dual DC-DC converters delivers maximum 
rated power without de-rating over military 
temperature range of -55°C to +125°C. 
Compared to industry standard, these 
converters deliver over 20% reduction in 
component count through higher integration 
resulting in an improved MTBF. The AHP- 
series is fully backward compatible to the 
existing AFL-Series. 
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for more information call 1.800.919.7898 or visit us at 

www.irf.com/hirel 



nternotiona 
TO) Rectifier 

THE POWER MANAGEMENT LEADER 



If s just this simple 



Tiny Schottky 
Bridge Rectifier 



or 




4 individual SIVIA Schottky Rectifiers 
in a bridge configuration 



CBRHDSH1-40L and 
CBRHDSH2-40 




Central's New High Density Scliottlty 
Bridge Rectifiers 



HD DIP 
Actual Size 



The new Central Semiconductor CBRHDSH1-40L 
(lA, 40V, Low Vp) and CBRHDSH2-40 (2A, 40V) 
are full wave glass passivated Schottky bridge 
rectifiers manufactured in a durable HD DIP 
surface mount package. Designed for applications requiring a 
smaller and more energy efficient alternative to a standard bridge 
rectifier, these new devices are ideal for today's latest electronic 
product designs. 60V and lOOV devices are under development. 



Typical Applications 

• Voice over IP (VoIP) 

• Power over Ethernet (PoE) 

• Networking equipment 



• Modems 

• Laptops 

• Data line protection 



Free Samplesj 

Samples available from stock. 

To order, visit: www.centralsemi.com/sbr 

Ri^HS 

Comnriaiii 



• Any circuit requiring a small energy efficient Schottky 
bridge rectifier 

Features 

• Low Vp (0.39V typ. for CBRHDSH1-40L) 

• Pb Free and RoHS compliant 

• HD DIP utilizes 50% less board space compared 
with 4 individual SMA devices 




[ 1 



4 SMA packages 



HD DIP package 



iH^"^ ENERGY EFFICIENT DEVICE 



Pb-Free Plating 
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PROPRIETARY ARCHITECTURES 

DEFEND 

AUTOMOTIVE 

SEGMENT 

AS EDN Europe reported in its December 2005 
and February 2006 issues, the ARM architec- 
ture is enjoying increasing acceptance within 
the automotive and industrial markets that 
are traditionally the domain of proprietary 
designs (references 1 and 2). The recent an- 
nouncement of arm's Cortex-M — available 
for the first time in Luminary Micro's Stellaris 
family — strengthens this architecture s chal- 
lenge by implementing a redesign that addresses comparative 
weaknesses in the original ARM7TDMI and its upwardly compat- 
ible successors, notably within real-time-response performance. 



Unsurprisingly, vendors with long 
histories in the automotive sector are 
reluctant to cede market share and con- 
tinue to introduce new silicon that rais- 



es the price and performance bar for ap- 
plication-specific devices- Several re- 
cent 32'bit proprietary products suit 
applications from general-purpose em- 



bedded control to infotainment, hard 
real time, and DSP, from the perspec- 
tive of the low-cost-development envi- 
ronments that their makers believe will 
highlight each chip's capabilities. 

In its previous Motorola Semicon- 
ductor guise, Freescale was among the 
first silicon makers to target the auto- 
motive sector. One of its most success- 
ful products — the PowerPC family, with 
devices such as the MPC565 — enjoys 
widespread acceptance within the en- 
gine-management and power-train-con- 
trol segments. The company's product 
portfolio also includes the ColdFire se- 
ries of 32-bit machines, many of which 
enjoy success within industrial-con- 
trol networks. Widening the applica- 
tion focus, the recent MCF5251 targets 
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portable and in- vehicle audio players, 
with interfaces for ATA-66 hard disks, 
a CD'ROM codec, SmartMedia, USB- 
On-the-Go, and serial-digital audio. Its 
V2 68K/ColdFire core includes an en- 
hanced MAC ( mult iply- accumulate) 
unit with hardware division, which 
helps decompress streaming multime- 
dia, making discrete DSPs unnecessary 
in many applications- The chip inte- 
grates 128 kbytes of SRAM and an 8- 
kbyte instruction cache, together with a 
system-bus controller and SDRAM in- 
terface to support the external-memo- 
ry system. A ROM boot loader allows 
the chip to boot from hard-disk, PC, 
or SPI -connected devices. Two CAN 
(controller- area-network) ports aug- 
ment the normal complement of micro- 
controller peripherals, and JTAG and 
BDM (background-debug-mode) in- 
terfaces ease system development. The 
budgetary price is $10.83 (1000). 

The $949.50 M5251EVBWR evalua- 
tion system contains an M5251C3 sin- 
gle-board computer, a 2. 2 -in. TFT (thin- 
film- transistor) display module, a serial 
cable, and a universal power supply. In 
addition, a binder houses a 30-day evalu- 
ation copy of Wind River's Workbench 
on-chip-debugging-edition software, to- 
gether with a Wind River Probe USB 
emulator that links the PC host to the 
board. Workbench provides all of the 
normal debugging and flash-program- 
ming features and is OS-aware for en- 
vironments including Linux, ThreadX, 



AT A GLANCE 

□ Proprietary architectures fight to 
preserve market share. 



EI Accessible development environ- 
ments are keys to success. 



El The iJiClinux (microcontroller- 
Linux) OS speeds application- 
program development. 



□ Multicore processors tackle hard 
real-time control. 



EI DSP engines and software 
showcase real-time development. 



and Vx Works. The software runs on Lin- 
ux, Solaris, and Windows hosts. Presum- 
ably because this kit is so new, there's no 
board-support information in the pack- 
age; you download it from Freescale's 
Web site. However, licensing issues mean 
that you must obtain authorization to 
download the Trio software for use with 
Workbench. There are no MCF5251- 
specific examples on the CD, but the 
MCF5251 home page carries software 
libraries with routines such as a graphic 
equalizer, JPEG video, MPEG-2 AAC 
(advanced audio coding), and MP3 de- 
coders. There's also a binary image that's 
useful for proving that the flash program- 
ming system is operational. 

The documentation reveals that the 
board carries 2 Mbytes of flash, 256 kbytes 
of which comprise the dBug monitor/ 
debugger firmware that enables stand- 




Figure 1 The iJiClinux kernel permits rapid application-program development using the 
M5208EVB. 



alone operation with an RS-232 ter- 
minal. Or, that's the theory; our board 
resolutely refused to communicate over 
this port, simply sending error-break and 
break signals before locking up. Install- 
ing the Wind River software went seam- 
lessly but did not create the HddSoft- 
ware examples directory that the printed 
booklet uses to introduce the system. At- 
taching the Wind River Probe worked 
fine, providing access to the microcon- 
troller's on-chip JTAG-based debugging 
system at speeds that the company says 
are typically three to 10 times faster than 
competing products. The Trio software 
comprises a full application for an MP3 
player — which requires an external ATA 
hard disk — but there are few pointers 
about how to get started within this com- 
plex environment. Freescale and Wind 
River are still working to improve the 
out-of-the-box experience, so if you're 
considering this evaluation platform, be 
sure to contact these companies for the 
most up-to-date support material. Wind 
River is currently offering a price incen- 
tive for customers who purchase this kit. 
For $5000, the software bundle compris- 
es perpetual-seat, node-locked versions 
of the Compiler and Workbench suites 
and ColdFire -family support for the em- 
ulator that comes with the kit. 

Another recent introduction from Fre- 
escale also demonstrates the ColdFire ar- 
chitecture and comes with the ubiqui- 
tous CodeWarrior environment, which 
is familiar to virtually every Freescale us- 
er. For $349, the M5208EVB evaluation 
kit consists of an evaluation board from 
Intec Automation, P&E Micro's USB 
MultiLink BDM interface, all necessary 
cables, and a power supply. The board's 
MCF5208, which costs $7.22 (1000), 
shares the same core and general-purpose 
peripherals as the 525 1 but lacks the mul- 
timedia interfaces and the CAN ports; 
for industrial-network use, the 5208 adds 
a fast Ethernet port. Together with Code- 
Warrior, the software resources comprise 
a getting-started CD and Intec Automa- 
tion's SBCTools board-support package 
for the [xClinux (microcontroller Linux, 
pronounced "you see Linux") OS. There's 
also evaluation software from CMX Sys- 
tems, Green Hills, MQX Embedded, and 
Treck. A 2 -Mbyte flash device carries the 
dBug monitor together with the fxClinux 
kernel, which facilitates a Web-browser 
interface, and a 32-Mbyte SDRAM pro- 
vides program space. Interfaces include 
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Get on Tk'ack with Micrel Sequencing 




ASIC, FPGA and CPU manufacturers require The Good Stuff: 

complex and unique start-up protocols for loads on the 
system board. Micrel's MIC68200 is designed specifically 
to address those protocols and make the task of the system 
designer simpler. 

The MIC68200 operates from a wide input range of 1 .65V to 
5.5V, which includes all of the main supply voltages com- 
monly available today. It is designed to drive digital circuits 
requiring low voltage at high currents. The chip incorporates 
a delay pin (Delay) for control of power on reset output 
(POR) at turn-on and power-down delay at turn-off. 

Additionally, there is a ramp control pin (RC) for either 
tracking applications or output voltage slew rate adjust- 
ment at turn-on and turn-off. This is an important feature 
in applications where the load is highly capacitive and 
in-rush currents can cause supply voltages to fail and 
microprocessors or other complex logic chips to hang up. 
All power-up protocols, sequencing, window sequencing, 
tracking and ratiometric tracking can be implemented with 
minimal components, thereby eliminating the need for 
complex power management ICs. 

For more information, contact your local Micrel sales rep- 
resentative or visit Micrel at: www.micrel.com/ad/mic68200. 

Literature 1 (408) 435-2452 Information 1 (408) 944-0800 © 2OO6 Micrel, inc. AII rights reserved. Mlcrel is a registered trademark of Micrel, Inc. 



♦ Input voltage range: 1 .65V to 5.5V 

♦ Stable with 4.7|jF ceramic capacitor 

♦ 1.0% initial output tolerance 

♦ 2A maximum output current - peak start up 

♦ 1A Continuous Operating Current 

♦ Power-on Reset (POR) supervisor with programmable 
delay time 

♦ Programmable Ramp Control for in-rush current 
limiting and slew rate control of the output voltage 

♦ Tracking on turn-on and turn-off with pin strapping 

♦ Timing Controlled Sequencing On/Off 

♦ Single Master can control multiple Slave regulators 



IHIERbL 

InnovaNon Through Technology™ 

www.micrel.com 



serial and Ethernet ports, a BDM header, 
and a 16'pin header that makes available 
a range of signals including PC and SPI 
buses- Echoing Freescale's presence in the 
ZigBee marketplace, the board features a 
ZigBee transceiver with a pc-board- track 
antenna- 

The getting' started CD automatically 
runs a routine that scans the board and 
establishes serial communications with a 
terminal program at 1 15,200 baud, boot- 
ing into iJiClinux. Providing that you re- 
set your terminal program from this rate 
to 19,200 baud, removing jumper JP3 
and rebooting displays the dBug-monitor 
prompt- A 54'Pg manual describes the 
monitor's utilities, which include assem- 
bly/disassembly and flash programming, 
all of which are great fun for machine- 
code fans wishing to handcraft smaller 
projects. The abort pushbutton is espe- 
cially useful here, as it generates a Level 
7 interrupt that passes control from us- 
er code to dBug and preserves the ma- 
chine's state. This action also automatic 
cally displays the ColdFire's core-register 
states. In case of accidental flash erasure, 
images of dBug and ixClinux appear on 
the M5208EVB's Web page. 

Larger projects will benefit from Code- 
Warrior, which the kit delivers in a 128- 
kbyte, code-limited special-edition for- 
mat. With features such as Stationery 
providing templates that generate start- 
up scripts, the IDE (integrated develop- 
ment environment) provides support for 
assembler and C using the P&E hardware 
debugger. Helpful features include the 
USB-hardware-test routine, which con- 
firms the probe's ability to force the 5208 
into BDM, showing that the hardware is 
good. You can then rebuild Code War- 
rior's example "hello- world" project for 
the BDM probe and run it on the eval- 
uation board to verify the entire instal- 
lation. Useful as a template for further 
development is an example program in 
Code Warrior's installation directory that 
shows how to use the timer and gener- 
al-purpose I/O to toggle the board's four 
LEDs. Code Warrior-licensing options are 
available to add features such as instruc- 
tion-set simulation, RTOS support, and 
Abatron's high-speed JTAG/BDM inter- 
face. The standard edition costs $2495, 
and the $5995 professional- vers ion soft- 
ware supports the entire ColdFire family. 

The SBCTools board-support-package 
CD installs the company's standard edi- 




Figure 2 Language extensions within Tasking's compiler slash execution times for 
TriCore arithmetic. 




tion for use with dBug together with |jlC- 
linux. Eclipse edition, which helps devel- 
opers keen to try this increasingly popu- 
lar kernel. The Eclipse environment en- 
tertainingly describes itself as "an open 
extensible IDE for anything and nothing 
in particular," yet it contains a full-blown 
C/C+ + compiler and debugger, enough 
tutorial material to be genuinely useful, 
and utilities to share a Samba filing sys- 
tem and configure IP (Internet Protocol) 
addresses. However, getting the system 
to work was a struggle, starting with the 
TCP/IP (Transfer Control Protocol/IP) 
communications and culminating with 



the Samba file structure. The Ethernet 
issues t(3ok some experimentation to fix, 
but there's an obscure instruction in Ver- 
sion 2.0.0 of the user manual that claims 
it's essential to have a shared directory 
with the name SBCTools WS for Samba 
to work. This statement is simply wrong: 
The environment doggedly directs it- 
self to the default work- space directory 
and appears to ignore switch- work- space 
commands; hence, it never loads the ob- 
ject file from SBCTools WS. So, obey the 
quick- start instructions and don't stray 
out of work space! 

Even with a successful building and 
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Low-Power DACs in Miniature Pacl(ages 



8-/10-/12-Bit D/A Converters Provide Seamless Upgradeability 




Features 

• Pin- and function-compatible across 
resolutions 

• 2- and 4-channel family with smallest 
package outline in-class (3 mm x 3 mm LLP) 

• Rail-to-rail output swing 

• Power consumption at 3.6V 

1 channel, 226 ]iA (max) 

2 channel, 270 \iA (max) 
4 channel, 485 ]iA (max) 

• External reference (2- and 4-channel) 

• Accepts input clock rates up to 30 MHz 
over 2.7V to 5.5V 



• Operates over -40°C to 105°C 
Ideal for use in portable, battery-powered applications in industrial, medical, and consumer designs 



D/A Converter Family 



Product 


Resolution 


Channels 


Settling Time (typ) 


Package 


DAC081S101 


8-bit 


1 


3 |jsec 


SOT-6, MSOP-8 


DAC101S101 


10-bit 


1 


5 |jsec 


SOT-6, MSOP-8 


DAC121S101 


12-bit 


1 


8 |jsec 


SOT-6, MSOP-8 


DAC082S085 


8-bit 


2 


3 |jsec 


MSOP-10, LLP-10 


DAC102S085 


10-bit 


2 


4.5 ijsec 


MSOP-10, LLP-10 


DAC122S085 


12-bit 


2 


6 ijsec 


MSOP-10, LLP-10 


DAC084S085 


8-bit 


4 


3 ijsec 


MSOP-10, LLP-10 


DAC104S085 


10-bit 


4 


4.5 ijsec 


MSOP-10, LLP-10 


DAC124S085 


12-bit 


4 


6 ijsec 


MSOP-10, LLP-10 



For FREE samples, evaluation boards, datasheets, 
and online design tools, visit us today at: 



www.national.com/adc 



Or call 1-800-272-9959 
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The Sight & Sound of Information 
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download, arcane error messages ap- 
pear that state, for instance, "can't get 
/etc/mtab~ lock filesmbmnt failed: 1," 
which is confusing at the best of times- 
Help from Intec Automation's program- 
mer, Mike Lavender, yielded a running 
serial-I/O sample program (Figure 1). 
From this point, it's easy to explore the 
facilities that the Eclipse environment 
offers, such as the tight integration be- 
tween the GCC (GNU C compiler) and 
GDB (GNU debugger) that unusually 
run under Windows without needing the 
Cygwin Windows/Linux interface- The 
GDBServer implementation runs a ver- 
sion of the GDB on a PC host with com- 
munications through the fast-Fthemet 
port. Lavender notes that the executable 
file is "flat" with no file-name exten- 
sions: "This format allows the program to 
be placed anywhere in RAM when it is 
run as opposed to linking static addresses 
directly in the code- This allows the OS 
to run a program and even run multiple 
instances of the same program!" 

If iJuClinux is your prime interest, see 
www-uclinux.org for news and develop- 
ments for the many platforms that the 
OS supports, including ColdFire- Tar- 
geting microcontrollers that lack mem- 
ory-management units, several iJiClinux 
projects are now maturing, such as the 
Analog Devices' Blackfin port, which 
uses the company's Stamp board (Ref- 
erence 3). Also, don't forget Freescale's 
own ARM9-derived i.MXL Litekit, 
which EDN Europe reviewed last Febru- 
ary (Reference 2). This multimedia-fo- 
cused kit offers a particularly smooth in- 
troduction to Microcross GX-Linux, a 
port of the full Linux system. 

HARD-REAL-TIME FOCUS 

Designed from the ground up to sat- 
isfy the hard-real-time needs of the au- 
tomotive industry, Infineon's TriCore is 
one of today's newer architectures. A re- 
cent addition to the family, the TCI 796, 
is a 150-MHz evolution of the TCI 775, 
which the company introduced in 2000. 
As well as increasing the clock rate from 
the original chip's 40 MHz, this updat- 
ed device carries 2 Mbytes of error-code- 
correcting flash, thereby addressing the 
TC1775B's principal disadvantage com- 
pared with its competitors. Other on- 
chip memory includes 128 kbytes of data 
flash that can emulate 16-kbyte segments 
of FFPROM, 192 kbytes of SRAM, and a 



16-kbyte instruction cache. The TriCore 
nomenclature comes from the core's 
combination of a 3 2 -bit, superscalar 
CPU; a single-precision, floating-point 
unit; and a DSP engine that exploits the 
best features of RISC, CISC, and DSP 
architectures. Separate program and data 
buses decouple the memory system from 
a range of I/O devices, each of which is 
optimized for flexibility and autonomous 
operation. The TCI 796 also includes 
a 32-bit PCP (peripheral-control pro- 
cessor) that can autonomously handle 
I/O operations. The guide price for the 
TC1796 is approximately $27 (1000). 

For about $400, Infineon's starter kit 
for the TCI 796 consists of a Furocard- 
format board; parallel-port cable; and 
software resources, including Infine- 
on's starter-kit disk, an evaluation copy 
of Tasking's TriCore- VX tool set, and 
a board-support package from Hitex. 
Three more CDs contain sample devel- 
opment environments from HighTec, 
Lauterbach, and PLS. A getting-started 
booklet and a breakout board that brings 
the processor's I/O out to 0.1 -in. headers 
complete the package. The kit requires 
an external ac or dc adapter that supplies 
5.5 to 60V for the onboard power sup- 
ply, which uses Infineon's TLF6389 buck 
converter to derive a master 5 V rail with 
Texas Instruments' TPS76801 linear reg- 
ulators downconverting to the 3.3V and 
2.5V rails that the CPU's core requires. 
The board's major components comprise 
the SAK-TC1796-256F150F processor. 



4 Mbytes of burst-mode flash, 1 Mbyte of 
asynchronous SRAM, and the usual ar- 
ray of I/O and switches. Most I/O con- 
nects to four high-density connectors, 
which is the reason that the breakout 
board is essential. The serial- and par- 
allel-port interfaces have standard full- 
sized connectors, and the CAN interfac- 
es come out to 0.1 -in. headers. 

The starter-kit CD's QuickStart subdi- 
rectory contains a step-by-step guide to 
installing and running the Tasking tool 
set and the Hitex HiTop debugger that 
form the default environment for this 
kit, as well as various code samples. To 
summarize a long story, the out-of-the- 
box experience did not go well. At first, 
the code examples failed to compile, 
which was due to the fact that the ver- 
sion of the Tasking compiler that came 
with the kit differs from the version used 
to develop the examples. It's an ongo- 
ing mystery about why Tasking's devel- 
opers continue to think that it's accept- 
able to produce tools that cannot toler- 
ate forward or backward compatibility, 
which has been a problem since the ear- 
liest days of the TriCore (Reference 4). 
After I fixed the compilation problems, 
several of the promising-looking hands- 
on training exercises failed to run. Inves- 
tigation revealed that the initial train- 
ing exercise leaves the TriCore 's program 
counter pointing at the default blinking- 
LFD routine in flash; hence, download- 
ed programs will never run. There were 
also some obscure board-to-PC commu- 
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nication problems that required work- 
arounds, all of which convey the im- 
pression that no one has properly tested 
this kit. But don't let any of this infor- 
mation dissuade you from considering 
the TCI 796, which is clearly capable 
of outstanding performance (see sidebar 
"Generic platform speeds ECU develop- 
ment")- Furthermore, there are heavy 
hints that Infineon is working to resolve 



these issues; a capable software engineer 
can probably also accomplish this task. 

Hearing of these problems prompted 
Infineon to donate a starter kit for the 
new TC116x series, which the compa- 
ny recommends as a simpler introduc- 
tion to the TriCore family. Aiming at 
deeply embedded industrial-control ap- 
plications, the TC116x family makes 
available a full complement of peripher- 



als, including the Micro Link interface 
for interprocessor communication and 
the Micro Second bus interface, which 
provides high-speed control of external 
power ICs. The major operational differ- 
ences between this 176-pin LQFP and 
the full-blown TCI 796 are the absence 
of an external memory bus and the PCP. 
The roughly $295 starter kit comprises a 
Eurocard-format board whose processor's 



GENERIC PLATFORM SPEEDS ECU DEVELOPMENT 




Figure A A single board carries the TriCore processor and all 
interface channels. 



Until recently, engineers 
wishing to develop new 
engine-management and 
power-train-control ECUs 
(electronic-control units) 
had to build custom elec- 
tronics to interface with 
sensors and control critical 
processes, such as com- 
bustion. With the intro- 
duction of Infineon's PSK 
(power-train starter kit), 
it's now possible to employ 
a generic platform that 
promises to slash develop- 
ment times and standard- 
ize the hardware archi- 
tecture-all of which have 
great potential for OEMs 
needing to minimize devel- 
opment costs and shorten 
time to market. 

The platform leaves the 
software content with the 
developer, allowing OEMs 
to differentiate their prod- 
ucts and retain their intel- 
lectual property. Interest- 
ingly, this goal wasn't Infi- 
neon's prime intention in 
developing the product, as 
Simon Brewerton, principal 
engineer at the company's 
UK development center, 
explains: "We wanted to 
be able to demonstrate our 
hardware to engine devel- 
opers, but, as a silicon ven- 
dor, we don't possess our 
own engines and dynos 
[dynamometers]. It there- 
fore made sense to work 
with someone who does to 
develop a general-purpose 
platform that's capable of 



controlling pretty much any 
engine, as well as being 
able to run a simulation 
mode for demonstration 
and training purposes." 

The partner that Infine- 
on chose is BigStuff3, a 
Michigan-based consult- 
ing company that special- 
izes in designing after- 
market fuel-injection and 
ignition controllers for ap- 
plications such as drag rac- 
ing. The result is Infineon's 
PSK, which BigStuffS also 
markets as the Gen4 de- 
velopment system. The kit 
comprises an environmen- 
tally sealed enclosure that 
houses the electronics and 
a generic wiring harness 
with standard connectors 
to mate with common en- 
gine and power-train com- 
ponents. The system con- 
trols as many as 12 fuel 
injectors and eight igni- 
tion coils, accepting inputs 
from as many as four in- 
ductive or Hall-effect cam- 
phase sensors, four Lamb- 
da sensors, and four knock 
sensors. It supports elec- 
tronic throttle control and 
can control a five-speed 
torque-converter-based au- 
tomatic transmission. Vari- 
ous ancillary outputs ca- 
ter to devices such as fans 
and pumps. 

A single pc board car- 
ries Infineon's TC1796 Tri- 
Core processor, which pro- 
cesses analog and digi- 
tal inputs from an array of 



sensors and drives power- 
stage outputs built from a 
combination of the com- 
pany's protected MOSFET 
power switches (Figure A). 
The hardware architecture 
is deceptively simple but 
extremely powerful, show- 
casing the TriCore's real- 
time computational prow- 
ess and the power of its 
peripheral-control proces- 
sor to perform every nec- 
essary action in real time. 
Brewerton notes that the 
secondary XC164 proces- 
sor acts as a check system 
for electronic throttle con- 
trol: "In a real application, 
the XC164 handshakes da- 
ta with the TriCore over an 
internal CAN [controller-ar- 
ea-network] bus, perform- 
ing checksums and so on 
to ensure that everything 
is running properly. But, for 
training and other simula- 
tion purposes, it can also 
generate all the signals 



that the TriCore needs to 
simulate a running engine- 
effectively providing a 'vir- 
tual engine' for hardware- 
in-the-loop capability." 

Brewerton says that en- 
gine-control strategies 
comprise a mix of three 
major elements-state-ma- 
chine control, look-up ta- 
bles, and functional mod- 
els-all of which endeav- 
or to accurately estimate 
what's happening within 
the combustion chamber. 
For instance, flow-control 
models predict the basic 
physics of fuel-to-air-input 
ratios and quantities to ex- 
haust-gas output. As ever, 
the better the control accu- 
racy, the better the end re- 
sult-which, in this case, is 
the maximum power output 
for minimum fuel consump- 
tion and pollution; pollu- 
tion control is today's prime 
driver of ECU development. 
Engine position is a princi- 
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identifier has been blanked out; a note 
says that it's a superset of the TCI 166, 
a standard chip that costs approximately 
$14 (1000) — along with the power sup- 
ply, an RS'232 port, and a parallel port 
to drive the JTAG interface- You also get 
a short plug-to-plug parallel-port cable, a 
breakout board to access I/O lines, a uni- 
versal-input power supply, and a starter- 
kit CD. 



The February 2006-dated CD con- 
tains a getting- started guide, the TriCore 
manuals, and software that includes In- 
fineon's excellent chip-configuration 
code-generator DAVE (Digital Applica- 
tion Virtual Engineer) Version 2.1r22. 
Apart from its primary role in initializ- 
ing the processor, DAVE is a tool that re- 
wards investigation, as its layers reveal a 
great deal of useful information about the 



target chip, which can be any TriCore or 
166-family device- The tool's output is a 
fully documented, free file that you can 
import straight into a project. The de- 
fault compiler is Version 23rl of Task- 
ing's environment, which the kit couples 
with the UDE (universal-development 
environment) from PLS- There are sam- 
plers of HighTec's GNU-based devel- 
opment environment and Lauterbach's 



pal control input, with the 
main angular input typical- 
ly deriving from a 58-tooth 
crankshaft position sensor 
(actually, 60 with two miss- 
ing) on the flywheel. From 
this timing input, the con- 
trol system derives angular 
information with 6"* of na- 
tive resolution. 

A typical PSK applica- 
tion uses the TriCore's GP- 
TA (general-purpose timer 
array) to debounce cam- 
shaft- and crankshaft-posi- 
tion sensors before using 
the flywheel input to run a 
PLL (phase-locked-loop) 
at 2048 times gear-tooth 
speed, thereby increas- 
ing angular resolution to 
0.0029'' per pulse. As the 
PLL locks to the incoming 
frequency, software can as- 
sess changes over time that 
signify events such as ac- 
celeration and make appro- 
priate adjustments-includ- 
ing compensating for unde- 
sirable effects, such as the 
torsional resonances that 
peak when the furthermost 
cylinder from the flywheel 
fires in an inline engine. 

Another key control in- 
put comes from piezoelec- 
tric resonance sensors on 
the cylinder head that de- 
tect "knock," or pre-igni- 
tion. These sensors are 
tuned to the block's res- 
onant knock frequency, 
which typically lies within 
8 to 1 2 kHz. Brewerton as- 
serts, "The limit on engine 
performance is the onset 
of knock. As every 1® of ig- 



ly 



Figure B The TC1 796ED emu- 
lation device has a USB port 
in the silicon. 



nition advance approxi- 
mates a 1% power gain, 
it's essential to run the en- 
gine as close to the limit 
as possible." One problem 
is that, when knock sets in, 
it can take many degrees 
of timing retardation to re- 
store normal operation, so 
most manufacturers leave 
a guardband of 2 to 3"* of 
retard to ensure that the 
engine does not pre-ignite. 
If you can detect the onset 
of knock early on, it's pos- 
sible to reduce this value 
and increase power output. 

The TriCore includes a 
3.5M-sample/sec ADC with 
autonomous trigger log- 
ic that can oversample as 
many as four knock-sensor 
channels before passing 
the data to the chip's DSP 
block. The block contains 
dual multiply-accumulate 
units that can generate 
two new results per clock 
cycle. As the trigger log- 
ic ensures the phase co- 
herency of data capture, a 



fast- Fourier transform can 
extract the real signal and 
evaluate its energy con- 
tent. Software can exploit 
this technique to create a 
frequency profile that sig- 
nificantly increases knock- 
detection sensitivity-also 
allowing a look-up table of 
maybe 128 entries to make 
the fine adjustments in 
engine-speed-dependent 
knock-center frequency. 
Another possibility for vi- 
bration profiling lies with 
predictive maintenance, 
such as detecting the on- 
set of bearing failure. 

The look-up tables that 
carry engine-calibration 
data are key components 
in any ECU and can run 
to several hundred kilo- 
bytes. It's essential for de- 
velopment engineers to be 
able to transparently mod- 
ify calibration constants 
as the engine runs before 
locking down satisfactory 
values in nonvolatile mem- 
ory. Traditionally, hard- 
ware tools access dual- 
port SRAM that overlays 
the flash calibration mem- 
ory to facilitate dynamic 
changes, but a special em- 
ulation-device version of 
the TC1796 improves this 
process. 

The TC1796ED carries 
on-chip emulation logic 
as well as 512 kbytes of 
SRAM that can act as a 
calibration overlay area, all 
connected to the outside 
world through a USB port 
on top of the chip (Figure 



B). This unique arrange- 
ment allows a calibration 
engineer direct access to 
the running under-hood 
hardware using nothing 
more than a laptop and 
some software. The emula- 
tion interface provides ac- 
cess to Nexus Level-Ill ap- 
plication-prog ramming-in- 
terface features, allowing 
tool makers such as ETAS 
to offer calibration tools 
based on a generic model. 
The SRAM is also capable 
of real-time data capture, 
allowing the interface to 
stream time-stamped data 
to tools from vendors such 
as Lauterbach and PLS 
that offer emulation tools 
with logic-analyzerlike 
functions for event recon- 
struction and tracing and 
code debugging. 

Although the PSK targets 
spark-ignition engines, 
Brewerton reports that var- 
ious customers have suc- 
cessfully adapted the sys- 
tem for diesel motors that 
range from passenger cars 
to giant earth movers. In 
these applications, the Tri- 
Core controls direct-injec- 
tion sequences that typi- 
cally require five to seven 
injection bursts per ignition 
cycle to minimize pollut- 
ant generation. The PSK is 
available now for approxi- 
mately $3400 and comes 
with sample software proj- 
ects; approximately $1500 
more buys you a version 
that includes the TriCore- 
emulation device. 
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Trace32 debugger, together with OS 
samplers from Enea and Euros- You also 
get a free copy of Infineon's TriLib DSP 
library for TriCore. The opening screen 
promises that you can be up and running 
within 30 minutes of unpacking the kit, 
which the screen assists by providing hy- 
perlinks to install the Tasking compiler, 
the PLS debugging engine, and DAVE, 
which the program samples use- 
Sadly, the first hello-world program 
failed to compile, generating more than 
40 error messages before giving up- This 
problem — which the kit did not docu- 
ment — is due to an incorrect linker set- 
ting for TriCores without external mem- 
ory, as a release-note entry on Tasking's 
Web site for its Version 23 compiler re- 
ports- Changing the linker-script file 
settings for internal memory so that 
SPRAM's (single-port RAM) Alloc at- 
tribute is on and its Type is ROM al- 
lows the six samples to compile and run 
correctly- These samples progress from 
hello world, which demonstrates stu- 
dio support in an embedded environ- 
ment through a blinking-LED I/O-port 
routine, to samples of handling arith- 
metic saturation, interrupts, serial 
I/O, and on-chip flash programming- 
The arithmetic sample shows the pow- 
er of Tasking's C-language extensions, 
which map directly to TriCore instruc- 
tions, slashing the sample code's com- 
putation time from 262-6 nsec for 32-bit 
ANSI-C to just 37-7 nsec for the 64'bit 
Tasking implementation (Figure 2)- 

One sample uses the timer array to 
generate a 1-sec interrupt that toggles 
the TriBoard's LED — in the meantime 
showing that the TriCore supports as 
many as 255 interrupt sources that can 
each have a unique priority level set from 
within DAVE- Although most processors 
load new program-counter values to run 
interrupt- service routines, the TriCore 
minimizes interrupt latency by jumping 
to vectors in code memory- The serial- 
output routine then builds on the IRQ 
(interrupt-request) exercise to output 
an updating message to HyperTerminal- 
The final example uses the UDE tool set 
from PLS to program the TCI 166's flash 
with a variation of the serial-output rou- 
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tine- This method also works, providing 
that you set the tool to Infineon's DAS 
(device-access server) rather than the 
default starter-kit JTAG driver and pow- 
er down or power up the TriBoard when 
programming completes - 

Although all tool chains are subject to 
personal preferences, the most popular 
TriCore setup combines Tasking's com- 
piler with the HiTop debugger from Hi- 
tex- But don't ignore the other possibil- 
ities; besides the choices that appear on 
the starter-kit CD, Infineon's Web site 
lists compiler choices that range from 
GNU freeware to approximately $3000 
to $4000 for a commercial product with 
maintenance and support- Because In- 
fineon uses a parallel-port "wiggler" in- 
terface, it's easy to duplicate the simple 
logic that appears in the schematics for 
use with your own prototype hardware - 
You can then use the tools that accom- 
pany this kit to perform basic hardware 
and software debugging at low cost- For 
"proper" development, the TriCore sup- 
ports three levels of debugging through 
its on-chip-debugging system (Reference 
5)- Infineon reckons that the runtime 
control and internal access that Level 1 
offers is sufficient for approximately 80% 
of applications- Level 2 adds instruction 
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IT'S HARD TO BEAT 
A DSP ENGINE 
WHEN IT COMES 
TO PERFORMING 
REPETITIVE COMPU- 
TATIONS ON CHUNKS 
OF DATA IN REALTIME. 



tracing, and Level 3 is full-blown real- 
time in-circuit emulation that includes 
trigger logic, trace and overlay memories, 
and the ability to view the chip's internal 
buses- The budgetary range for these tools 
spans starter-kit prices through $5000 to 
$8000 for Level 2 facilities to approxi- 
mately $10,000 for Level 3 capabilities- 

DON'T DISMISS DSP 

From audio decompression to vibra- 
tion analysis, it's hard to beat a DSP en- 
gine when it comes to performing repeti- 
tive computations on chunks of data in 
real time. Yet, many engineers shy away 
from the technology, believing it to be 
too complex and expensive- However, 
with a budgetary guide price that starts 
at $1L60 (1000) for the 100-pin BGA 
package, the fixed-point TMS320F2808 
from Texas Instruments lies at the low- 
cost end of the DSP spectrum. Target- 
ing real-time control, the chip packs 36 
kbytes of SARAM (single-access RAM) 
and 128 kbytes of flash alongside the 
100-MHz C28x core, augmenting the 
normal complement of microcontroller 
peripherals with dual CAN ports and a 
16-channel PWM module- It also has a 
2 -kbyte one- time-programmable ROM 
block and a separate 8 -kbyte boot ROM. 
Crucially for real-time use, the chip fea- 
tures hardware debugging, which the ac- 
companying CCStudio (Code Composer 
Studio) suite comprehensively exploits. 
Software support includes TPs DSP/ 
BIOS kernel, as well as a number of li- 
braries, such as high-speed fixed-point 
arithmetic routines and digital motor- 
control algorithms. 

Spectrum Digital offers its $469 TMS- 
320F2808 eZdsp system kit, which con- 
tains a compact development board, a 
resource CD, a USB cable, a power sup- 
ply, and the obligatory getting- start- 
ed flier. The board is home to the tar- 



get 320F2808 DSP, an Actel FPGA, an 
MS320DA255 chip, two switch arrays, 
and various support logic, including se- 
rial-boot EEPROMs. Two nine-pin D 
connectors bring out the primary CAN 
and SCI buses, with secondary instances 
of each available on 0.1 -in. headers. The 
final header supports an optional JTAG 
emulator, as the kit uses a USB connec- 
tion for this purpose. Two unpopulated 
header layouts optionally allow you to 
connect general-purpose- I/O and analog 
signals, taking care to ensure that exter- 
nal-signal levels don't exceed the F2808's 
3.3V I/O levels. To prevent the F2808 
from latching up with possibly destruc- 
tive effects, it's also necessary to power 
the eZdsp board before applying any ex- 
ternal signals, so consider hot-pluggable 
level- translating transceivers for any cus- 
tom interface that runs at normal auto- 
motive or industrial 5V levels. 

Installing CCStudio together with the 
board-support package and a flash-burn- 
er utility completes seamlessly in about 
10 minutes, when an XP Pro machine 
automatically installs the USB drivers, 
which you can test by launching a desk- 
top diagnostic icon. In this case, the in- 
stallation created icons for the F2812 
version of CCStudio as well as the de- 
sired F2808 instance, but this aberration 
didn't affect the kit's behavior; howev- 
er, it proved impossible to register CC- 
Studio, as the service code was missing 
from the CD case. It transpires that the 
software that we received with our kit is 
the full Platinum version rather than the 
free-kit version, which similarly has no 
code-size limit. 

The F2808 section of the downloads 
area at Spectrum Digital yields docu- 
ments that include hardware-reference 
guides and schematics as well as the 
board's getting-started guide, which di- 
rects users to CCStudio 's integral tuto- 
rial. This invaluable facility comprises 
three modules that introduce users to the 
IDE, the DSP/BIOS real-time kernel, 
and the real-time-emulation facilities. 
Nice touches abound. For example, the 
IDE automatically imports the appropri- 
ate "include" files for a project. You can 
also get help on an assembly- language 
instruction by clicking on it and hit- 
ting Fl. But the IDE includes some truly 
slick features, such as the ability to im- 
port test- stimulus data from a PC file to 
the board and return result data using a 
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EFFECTIVELY A SPECIAL 
KIND OF BREAKPOINT, 
A PROBE POINT TEIVI- 
PORARILY HALTS THE 
TARGET TO PERFORM 
THE DATA TRANSFER 
BEFORE AUTOMATI- 
CALLY RESTARTING THE 
PROCESSOR. 



probe-points mechanism for file I/O- Ef- 
fectively a special kind of breakpoint, a 
probe point temporarily halts the target 
to perform the data transfer before au- 
tomatically restarting the processor — a 
technique that suits program develop- 
ment rather than real-time verification. 
You can graph the result data by setting 
parameters under the View menu and an- 
imating the outputs for the sample sine- 
wave input data and a processing gain of 
10 (Figure 3). Other key IDE features 
include a profiler that helps identify sec- 
tions of code requiring optimization and 
the GEL (general-extension language), 
which allows you to automate CCStudio 
setups and perform runtime functions. 

The DSP/BIOS kernel consists of a set 
of modules that you can link into an ap- 
plication to provide real-time scheduling, 
synchronization, and host/target commu- 
nications. It employs code instrumenta- 
tion to monitor program activity on the 
fly and automatically instruments any 
code that uses the kernel's pre-emptive- 
multithreading ability. A configuration 
tool links in only the DSP/BIOS objects 
that are necessary for the user's program 
and allows you to set up memory, inter- 
rupt handlers, and thread priorities. The 
tutorial first describes how to measure 
the cycle count of the stdio.h function 
"puts," which writes the inevitable hello- 
world message to the console. You should 
then be able to see how the DSP/BIOS- 
call log speeds I/O. In this case, this oper- 
ation stalled, presumably due to a failure 
in the RTDX (real-time-data-exchange) 
subsystem, although the diagnostics re- 
port correct operation. By contrast, the 
next example that shows thread-execu- 
tion measurements using the real-time- 
analysis functions within DSP/BIOS ran 
perfectly, thereby demonstrating the en- 



vironment's ability to ensure that a pro- 
cess meets a deadline. You can demon- 
strate this situation more clearly by us- 
ing the CPU load graph while testing the 
time line by adding dummy cycles using 
the load function from the GEL environ- 
ment (Figure 4)- Other DSP/BIOS tuto- 
rial topics include analyzing real-time be- 
havior and connecting to virtual I/O de- 
vices, and there are thoughtful "things to 
try" throughout the material. 

If all of these features aren't enough, 
there's a great deal more material avail- 
able from TPs Web site, such as the free 
getting-started-with-DSP material that's 
so popular with students and engineers 
alike. (Also see EDN Europe's cover- 
age in Reference 6.) Automotive us- 
ers may be particularly interested to see 
the eZdspF2808 diagnostics and demo- 
source-code Version 2 material that ap- 
pears at Spectrum Digital's F2808 page. 
As well as source and project files for 
F2808 diagnostics, this code includes a 
CAN loop-back test program. Converts 
can purchase an annual license for the 
TMS2000-only version of CCStudio for 
$495, and the universal version, which 
permits development on any TMS320- 
family chip, costs $3 5 95. EDN 
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91.5 
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210 W 
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200 W 


94.8 
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6.0 


240 W 


95.6 
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240 W 


96.0 
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95.1 


B048F160T24 


16.0 
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300 W 
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48.0 


300 W 


96.7 




1.28 X 0.87 X 0.26 in 

FACTORIZED POWER 

48 V Bus Converter Module 

• 300 W Converter in 1/16 Brick Area 

• 1.1 in^ Footprint, 1/4 in Low Profile 

• Runs Cool 

• 97% Efficiency 

The new 48 V Bus Converter Modules 
(BCMs) offer 4x the power density, 
freeing board space for data processing 
and I/O functions, and increasing port 
density and triple play (voice/video/ 
internet) traffic capacity. 

Contact us now for comprehensive 
design-in support, evaluation boards 
and technical documentation via 
www.vicorpower.com/bcmedn or call 
800-735-6200. 



All parts in mass production and available from stock NOW! 
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POWER— FROM LINEAR TO DIGITAL- 
COVERS A RANGE OF DESIGN CHOICES. 
THIS BRIEF OVERVIEW PRESENTS DESIGNERS 
WITH SOME OF THE ALTERNATIVES AND 
PROBLEMS THAT WILL ARISE. 



CREATING 
THE POWER 
SUBSYSTEM 

IN MODERN 
DESIGN 



plest, a power supply can be a big zener 
diode, such as those that find use in sub- 
marine cable-repeater pods. These pods 
need the ultimate in reliability, and a 
resistor-plus-diode approach is the sim- 
plest and hence most reliable. The zener 
dissipates a significant amount of heat, 
but the temperature of the ocean floor 
easily removes that heat. Slightly up the 
complexity ladder are linear regulators — 
popular and useful parts. The LM317 




ower electronics range 
from the simplest to 



the most complex sub- 
systems in modern 



products. This fact is 
not surprising because 
the applications also 
range from simple to 
complex. At the sim- 
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is the most frequently down- 
loaded data sheet at National 
Semiconductor's Web site. A linear reg- 
ulator operates like a valve. It resists the 
current in the circuit to ensure that volt- 
age stays constant. Remember that the 
word "transistor" derives from the combi- 
nation of the words "transconductance" 
and "varistor" (Reference 1). The tran- 
sistor in a linear regulator pinches off the 
current to control voltage — hence, it 
provides transconductance. In this oper- 
ation, it serves as a variable resistance, or 
varistor. Conventional linear regulators 
have NPN-pass elements. Low-dropout 
regulators use PNP transistors. 

A more complex regulator is the 
charge pump. It uses several transistors 
as switches, not linear elements. These 
switches transfer charge to a capacitor 
and then change the connections so that 
the capacitor doubles or inverts the orig- 
inal voltage you impress upon it. 

You realize a large jump in complex- 
ity when you move to switching regula- 
tors. These circuits have high-frequency 
magnetics, a control loop, and at least 
one transistor acting as a switch. You can 
buy the entire regulator as brick from 
Vicor or Tyco, or you can roll your own 
and build the regulator from parts. Buck, 
boost, inverting, isolated, SEPIC (single- 
ended primary- inductance converter), 
and Cuk (pronounced "chook") are all 
types of switching regulators. 

All of these power circuits convert 
one dc voltage to another dc voltage. A 
significant number of designs use trans- 
formers to change ac voltage or circuits 
that convert ac to dc for subsequent 
dc-to-dc conversion. One of the most 
elegant ac-to-dc-conversion circuits, the 
PFC (power-factor-correction) circuit, 
uses a boost-converter topology to ensure 
that the input current to a converter is 
proportional to the input voltage, unlike 
the sharp spikes of input current that oc- 
cur in conventional ac-to-dc circuits. 

A new term in the power world is 
"digital power" (Reference 2). It can 
mean anything from simply being able to 
use a digital input to shut down the regu- 
lator, to having digital communication 
to the chip for monitoring and control 
of the analog- PWM process, to having a 
DSP close the loop and directly control 
the pass element with a PWM signal. 

Starting with the basics, a linear regu- 
lator uses a transistor to step down a dc 



AT A GLANCE 

□ Power subsystems can be linear, 
switching, charge pump, ac/dc, digi- 
tally managed, or digitally controlled. 



El Linear supplies face thermal 
issues. 



EI Charge pumps entail noise 
injection. 



El Switching supplies must deal 
with stability, noise, and thermal 
problems. 



□ Digitally managed and digitally 
controlled power often requires a 
software effort right before product 
release. 



voltage. A conventional linear regulator, 
such as the LM317, uses an NPN transis- 
tor as the restriction. Because of the 0.6V 
drop in the base-emitter junction, these 
regulators need a significant amount of 
head room to operate. Engineers often 
mistakenly assume that the output volt- 
age is in regulation even when the part is 
maintaining less than the recommended 
dropout voltage. The part may provide 
the right voltage but does not meet sev- 
eral ac and thermal specs. Engineers lived 
with the large head-room requirements 
of linear regulators until the early 1980s, 
when US automobile manufacturers ap- 
proached the semiconductor industry 
with the need for a low-dropout linear 
regulator. The regulators designed for low 
head room, such as the LM2936, used 
PNP pass transistors. This approach al- 
lowed the regulated circuit to stay in reg- 
ulation even if the battery voltage sagged 



to 8V during the car's cranking period 
while starting. According to Al Kelsch, 
product-definition manager at National 
Semiconductor, as the dropout voltage 
approached zero, a "caret," or small spike 
of input current, would arise because the 
base of the pass transistor was at maxi- 
mum turn-on. Although the IC designer 
spent a lot of time designing a base-drive 
circuit that would limit the current and 
eliminate the caret and still provide tran- 
sient response and other specs, customers 
needed that little caret to sense when the 
regulator dropped out; they could then 
turn off the entire circuit. In other words, 
customers viewed as a feature what the 
designer perceived as a bug. 

The overriding problem with linear 
regulators is heat. Because the regula- 
tor has both significant voltage and sig- 
nificant current running though the pass 
transistor, it dissipates a lot of power. 
Most linear regulators have a thermal 
shutdown, which may save the part from 
destruction, but it also makes the circuit 
unusable if the shutdown happens in any 
operating situation. 

Another design issue with linear reg- 
ulators also applies to most power sup- 
plies. You must assume that any electro- 
lytic capacitors will short-circuit at some 
point during the lifetime of a product. If 
a short circuit occurs, you must ensure 
that the regulator and board do not bum 
or cause other damage. You must also 
provide a fuse or a fusible pc trace on the 
input electrolytic capacitors and on any 
tantalum capacitors. Even if the product's 
wall wart cannot provide enough current 



SOME PARTS 
REQUIRE 
REVERSE 
DIODE. 



ADDING THE RESISTOR CAN 
REDUCE POWER IN THE IC. 




PART MUST HAVE 
HEAT SINK BIG 
ENOUGH FOR 
WORST-CASE 
OPERATION. 



Figure 1 Linear supply problems are heat, capacitor shorting, and damage to the part 
when reverse currents flow inside the IC. 
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to start a fire, a diligent engineer 
must provide for the situation in which a 
user uses a larger or incorrect wall wart to 
power a product (Figure 1). 

CHARGE PUMPS 

Another type of dc/dc converter, the 
charge pump, can invert, double, or triple 
an input voltage by switching a capaci- 
tor across the input voltage to charge the 
capacitor. You can then switch that ca- 
pacitor to sit on top of the input voltage, 
forming a doubler. Alternatively, you can 
connect the positive terminal of the ca- 
pacitor to the input common, creating a 
voltage inverter. The classic charge pump 
is Intersil's ICL7660, which the com- 
pany introduced in the 1980s. Another 
such device. Catalyst Semiconductor's 
CAT3636, employs a novel method of 
achieving noninteger voltage steps of 1, 
1.33, 1.5, and 2V. This approach allows 
efficiency as high as 92% in handheld- 
system applications. This efficiency com- 
pares with that of conventional inductive 
boost converters, especially in view of 
the fact that many manufacturers specify 
efficiency numbers for those converters 
based on unreasonably large inductance. 

Because the capacitor inherently lim- 
its the amount of current that the part 
can deliver, thermal problems are rare in 



charge pumps. They do have some draw- 
backs, however, including poor voltage 
regulation. The output changes with 
the input unless you employ a linear 
postregulator. Maxim has addressed this 
issue with a line of postregulator charge 
pumps. The switching frequency and 
noise of a charge pump are far less prob- 
lematic than the noise from a switching 
converter, but the noise may still enter 
the signal chain. 

Another type of regulator, the switch- 
ing regulator, uses a transistor switch 
with an inductor or transformer to 
change a dc- input voltage. Figure 2a 
shows a buck-switching regulator that 
steps down a voltage and that operates 
analogously to a water wheel (Figure 
2b). The device's rate of rotation is anal- 
ogous to the current following through 
the inductor. Just like an inductor, the 
water wheel cannot instantaneously stop 
or start. The figure may give some in- 
sight about why engineers often refer to 
the diode as "freewheeling." When the 
valve turns off, the inertia of the water 
wheel creates a powerful suction. The 
wheel needs water to keep rotating, and 
the check valve provides this function. 

A boost converter employs the same 
water-wheel analogy (Figure 3). Many 
engineers have trouble with magnetic 



circuits because their high reactance 
means that the current does not track the 
voltage as it does in a resistor. An intui- 
tive understanding of the buck and boost 
converters allows you to understand the 
more complicated architectures, such as 
Cuk, boost-buck, and SEPIC. Convert- 
ers can also use transformers to create an 
isolated output (Figure 4)- Flyback con- 
verters, which differ from forward con- 
verters only in the polarity of the output 
diode, use a transformer as a choke. They 
store energy in the magnetic field when 
the switch is closed and as current in- 
creases in the primary. When the switch 
opens, the energy in the magnetic field 
discharges through the secondary. De- 
signers favor flyback converters for their 
low cost and their ability to make mul- 
tiple outputs that all track each other 
reasonably well. 

Most engineers have difficulty de- 
signing robust switching converters. The 
first problem is stability. Stabilizing their 
complex control loops can be a daunt- 
ing task because many converters require 
a ripple in the output voltage to work 
properly. Others exhibit subharmonic 
oscillations, and you must inject a ramp 
signal into the reference. When large- 
value ceramic capacitors became afford- 
able, many engineers substituted them 




(b) 



Figure 2 A buck regulator steps down the input voltage (a), and 
you can make a water-wheel equivalent (b). 




(b) n\\\ 

Figure 3 A boost regulator steps up its input voltage to a higher 
level (a), and a water-wheel equivalent provides insight to the 
circuit (b). 



66 EDN I DECEMBER 1, 2006 



Why settle for a slice? 




When you can have the 
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PicoScope 5000 Series USB 2.0 PC Oscilloscopes 







1 gsg^r^^g 





''mmmm\ 




^l-''^V' II' |||-.i|lHiT1'.in.|.., 









PicoScope 6 

capture and analysis software 



The No Compromise PC Oscilloscopes 

With class-leading bandwidth, sampling rate, memory 
depth and an array of advanced high end features 
the PicoScope 5000 PC Oscilloscopes give you the 
features and performance you 
need without any compromise. 

• Advanced triggers 

In addition to the standard 
triggers the PicoScope 5000 
series comes standard with 
pulse width, window, dropout, 
delay, and logic level triggering. 

• 250MHz Spectrum analyzer 
•High speed USB 2.0 connection 

• Automatic measurements 

• Arbitrary waveform generator 

Define your own waveforms or select from 8 
predefined signals with the 12 bit, 125MS/S 
arbitrary waveform generator 




for information call 1.800.59 1 .2796 
www.picotech.com/scope5203 
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250 MHz Bandwidth 
1 GS/s Sample rate 
128M Sample Record length 

All other oscilloscopes at this price range 
force you to compromise on one of three 
key specifications: bandwidth, sampling rate 
or record length. With the PicoScope 5000 
series you no longer have to compromise. 



PicoScope5204 250MHz, IGS/s sample rate 
1 28M samples record length $3299 
PicoScope5203 250MHz, IGS/s sample rate 

32M samples record length $2199 




Technology 



for electrolytic output capaci- 
tors- Ceramic capacitors have such low 
ESR (equivalent-series resistance) that 
they have essentially no ripple voltage, 
causing oscillation. The ripple voltage 
itself may violate design requirements, 
such as when powering analog circuits- 
This problem requires postregulation or 
the use of extra inductive damping. 

Another common problem, noise, 
can radiate back into the input or out- 
put power lines or radiate into space as 
electromagnetic radiation. The worst is- 
sue with this problem is that a designer 
may not notice it until sending the prod- 
uct for FCC (Federal Communications 
Commission) and CE (Conformite Eu- 
ropeenne) testing just before production. 
Designers can use various techniques to 
shield this noise from the world and the 
rest of the system. It is better to not gen- 
erate the noise in the first place than to 
later attempt to shield it in tens or hun- 
dreds of end-user applications. 

As with linear regulators, thermal is- 
sues can also be problems in switching 
converters. Most buck regulators generate 
more heat in the freewheeling diode than 
in the FET. A thermal plot from National 
Semiconductor's Webench online-design 
tool shows that diode is the hottest 
component on the board and is heating 
the IC it abuts (Figure 5). To reduce the 
heat that freewheeling diodes generate, 
synchronous buck regulators replace the 
diode with a second out-of-phase FET. 

Most of the above problems are trace- 
able to an inferior pc-board layout. Sev- 
eral articles are available that discuss the 
pitfalls of laying out a good switching 
regulator (references 3 and 4)- Engi- 
neers should always take advantage of 
the applications-engineering staff of the 
companies that make the regulator IC. 
They can avoid an enormous amount of 
frustration and chaos if the applications 
engineers can review your design and 
layout before you commit the board to 
fabrication. 

OFFLINE REGULATORS 

This article has so far discussed only dc/ 
dc converters. Another class of convert- 
ers creates dc power from ac power. The 
ac power most commonly comes from 
residential ac-power lines; the converters 
are thus offline supplies (Reference 5). 
Other designs use an isolated topology to 




Figure 4 Common isolated converters 
include the forward (a) and the flyback 
devices (b). 



create one or more dc supplies from raw 
dc power from the classic rectifier circuit. 
Allegro, On, STMicro, Power Integra- 
tions, and the Unitrode division of Texas 
Instruments make these types of devices. 



Offline-supply problems include inrush 
currents and harmonic currents. Inrush 
current is the large flow of current nec- 
essary for charging up the input capaci- 
tors at the moment of closing the input 
switch. This current can stress the rectifi- 
er diodes and cause early capacitor failure. 
Approaches to correcting this problem in- 
clude the use of NTC (negative- tempera- 
ture-coefficient) devices in series with the 
inputs (Reference 6). These devices offer 
a high resistance when they are cold. As 
the input current runs into the capacitor, 
the devices heat up, and the resistance 
decreases. Drawbacks can be the 190°C 
operating temperature as well as sensitiv- 
ity to ambient temperature. 

The second problem with offline sup- 
plies is that the input capacitors draw in 
large spikes of current. These spikes top 
off at every line cycle. Using PFC, which 
is mandatory on supplies sold in Europe, 
can reduce these spikes. Remember to 
fuse the electrolytic capacitors. Failing 
UL (Underwriters Laboratories) fire 
testing just before production is as ca- 
lamitous as failing FCC and CE EMI/RFI 
(electromagnetic-interference/radio-fre- 




Figure 5 A thermal map shows that the freewheeling diode is the hottest component 
in the circuit (courtesy National Semiconductor). 
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stereo Digital-to-Analog Converters 

Integrated 2 Vrms Line Drivers and PLL Simplify Audio Designs 



Hardware or \^CI 
SPI Control Data 




D/A Converter Technology 



Recovered MCLK 



Hardware Control 



Serial Audio Input 



CS4350 




2 Vrms Line Level 
Left Channel 
Output 



2 Vrms Line Level 
Right Channel 
Output 



Left and Right 
Mute Controls 



CS4352 



Part 


Dynamic 
Range 


THD+N 


Sample 
Rate 


Analog 
Outputs 




Power Supply 


Comments 


Package 1 


CS4334/35/38/39 


96 dB 


-88 dB 


96 kHz 


Single-ended 


VA = 5V 


Entry-level Stereo DAC 


8S0IC 


CS4341 


101 dB 


-91 dB 


96 kHz 


Single-ended 


VA = 3.3Vor5V 


Pin compatible with CS5341A, 
Digital volume control 


16S0IC 
16TSS0P 


CS4341A 


101 dB 


-91 dB 


192 kHz 


Single-ended 


VA = 3.3Vor5V 


Digital volume control 


16S0IC 
16TSS0P 


CS4344/45/46/48 


105 dB 


-90 dB 


192 kHz 


Single-ended 


VA = 3.3Vor5V 


Upgrade for CS4340 
and CS4340A 


10TSSOP 


CS4350 


108 dB 


-95 dB 


192 kHz 


Single-ended 
or Differential 


VA = 3.3Vor5V; 
VLC = 3.3Vto5V; 
VLS=1.5Vto5V 


Integrated PLL locks to 
incoming left-right clock 


24TSSOP 


CS4351 


112dB 


-100 dB 


192 kHz 


Single-ended 


VA = 


9Vor12V; VD = 3.3V; 
VL= 1.8Vto3V 


Line driver, 2 Vrms output 


20 TSSOP 


CS4352 


102 dB 


-90 dB 


192 kHz 


Single-ended 


VA = 


9Vor12V; VD = 3.3V; 
VL= 1.5Vto3.3V 


Line driver, 2 Vrms output 


20 TSSOP 


CS4391A 


108 dB 


-94 dB 


192 kHz 


Differential 


VA 


= 5V; VL= 1.8Vto5V 


DSD, pin compatible 
with CS4392 


20 TSSOP 


CS4392 


114dB 


-100 dB 


192 kHz 


Differential 


VA 


= 5V; VL=1.8Vto5V 


DSD, selectable digital filters, 
pin compatible with CS4391A 


20 TSSOP 


CS4398 


120 dB 


-107 dB 


192 kHz 


Differential 


VA 


= 5V; VD = 3.3Vor5V; 
VL= 1.8Vto5V 


Flagship DAC, DSD pro- 
cessor, selectable D-filter 


28 TSSOP 



Advanced multibit Delta-Sigma 
modulator 

24-bit/up to 216 kHz sample rates 
with automatic sample-rate detection 
On-chip control and serial port 
level shifters 

Popguard® technology for control 
of clicks and pops 
Low-latency digital filtering 



CS4350 Features 



Integrated PLL locks to incoming 
left-right clock — no MCLK required 
Supports PCM and TDM audio formats 
108 dB dynamic range, -95 dB THD+N 
Single-ended or differential analog 
output architecture 



CS4352 Features 



Integrated line driver— 2 Vrms output 
Compliant with consumer line level 
and SCART output 

102 dB dynamic range, -90 dB THD+N 
Single-ended output architecture 



Applications 



■ Digital televisions 

■ DVD players and recorders 

■ Set-top boxes and DVRs 

■ Digital audio interfaces 

■ Effects processors 

■ Automotive audio systems 
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quency- interference) testing. 
Another common problem with off- 
line regulators using a switching IC is the 
quiescent current of the start-up circuit- 
You must provide 5 to lOV to the chip 
before any oscillation and regulation 
can begin. So, you must often use a large 
power resistor to feed this voltage to the 
chip. If you place the resistor across the 
170V or higher dc bus to the 5 or lOV 
IC power rail, significant power dissipa- 
tion will occur. Designers can in these 
cases use 500V Supertex depletion-mode 
FETs, but that option may be infeasible 
for low-cost supplies. Some vendors, 
such as Power Integrations, have devel- 
oped alternative architectures to deal 
with this problem. "Solutions that use 
an integrated power transistor can de- 
rive the power for the control section 
by using the high-voltage MOSFET as a 
potential divider and tapping off a small 
amount of current at low voltage," says 
Doug Bailey, the company's vice presi- 
dent of marketing. "Power Integrations 
uses this approach in all of its switching 
ICs, and it works very well." 

Digitally managed or controlled power 
uses a conventional analog PWM loop 
but hooks in substantial digital control, 
beyond the ubiquitous digital-shutdown 
pins on most controllers (Figure 6). 
Digitally managed power ICs first found 
use in battery-charger ICs. Older chem- 
istries, such as lead-acid batteries, fre- 
quently used a voltage-regulator IC set to 
provide 2.3 to 2.36V per cell, depending 
on whether the application can toler- 
ate higher charging voltages. Even these 
simple chargers often add ambient-tem- 
perature sensing, time limiters, or cell- 
temperature sensing to adjust the charge 
voltage. Nickel-metal-hydride and, to a 
greater extent, lithium- ion chemistries 
require even more digital supervision 
and manipulation. The system designer 
may want to terminate the charge cycle 
based on a rise in temperature or a rise in 
voltage. You should not start full-power 
charging if the battery is dead. If this situ- 
ation occurs, the charger IC must "burp" 
a little current into and monitor the cells 
until the voltage becomes high enough to 
accept full-power charging. If the battery 
has been charging for several hours and 
still has not achieved termination, the IC 
should end the cycle. Ambient-tempera- 
ture faults and many other variables may 
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[±] Did you catch Paul's popular cover 
story on circulating currents? Read It at 
www.edn.com/artlcle/CA6372822. 



also be pertinent. "We no longer think 
of a battery-charger IC as a PWM circuit 
with some logic," says Mary Kao, an ap- 
plication engineer at National Semicon- 
ductor. "We look at it now as a microcon- 
troller with an analog-PWM section." 

Once battery-charger ICs paved the 
way, many other applications demand- 
ed a large portion of digital control over 
analog PWM loops. For example, Xilinx 
FPGAs require strict power sequencing 
and control. One vendor. Cradle, makes 
a multicore-DSP IC. Because it is a 
0.13-micron CMOS part and uses DDR 
SDRAM, the power-system design was 



challenging. The requirements include 
3.3V for I/O, 1.2V for the core, 2.5V for 
the DDR-SDRAM I/O, 1.25 sink source 
for the DDR-SDRAM- impedance volt- 
age, a DRAM voltage reference, and 
1.8V for another IC. Cradle engineers 
Tapeng Huang and Craig Calder worked 
with Mike Cheong at Intersil to rede- 
sign five separate power outputs using 
a single multichannel controller. They 
have two dc/dc controllers, two dedicat- 
ed DDR outputs, and two uncommitted 
low-dropout regulators. In a more famil- 
iar area, most PC enthusiasts know that 
the supply voltage to the processor and 
memory is under digital control. Hand- 
held devices may have complex control 
requirements to conserve battery power 
and extend runtimes. 

Digital power uses a DSP rather than 
an analog PWM loop to do the math to 
keep the loop stable (Figure 7). This 
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Figure 6 Digitally managed power uses a conventional analog-control loop but has 
extensive digital circuitry to perform monitoring and control functions. 
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Figure 7 Digital power replaces the analog-control loop with a DSP or a digital-state 
machine. 
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Atmel's ARM®-based 32-bit microcontrollers are winners. They have already picked 
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family. So, make your application a winner by backing a winner: Atmel's AT91SAM Smart 
ARM-based microcontrollers. 

* EEProductCenter Ultimate Product (Processor & Memory) for Q4 2004 and again for Q4 2005, 
Embedded Control Europe Gold Award (Micros & DSP) for H2 2005, 2006 EETimes ACE Award 
Ultimate Product of the Year. 

Learn more about our AT91 products by visiting our web site, at www.atmel.com/ad/at91 and 
register to qualify for a free AT91SAM7 development kit. You will also receive an AT91 DVD with 
extensive product documentation, training material, application notes and code samples. 
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approach can provide flexibility in the 
loop compensation, but that flexibility 
comes at a price- Dave Mathis, a prin- 
cipal at Elandesigns points out: "If you 
are going to change the compensation, 
you have to be sensing something to base 
that change on. With acquisition times 
and error conditions, that is just asking 
for trouble." Indeed, experienced con- 
trol-system engineers know that well- 
behaved systems usually have a single 
dominant pole. Nevertheless, Texas In- 
struments, Silicon Labs, and Primarion 
all make digital-power devices. Primari- 
on has published articles stating that all 
power will be digital in the future and 
that analog engineers are only protecting 
their turf when they resist implementing 
digital power (Reference 7). Primarion 
does not use a DSP to manage the con- 
trol loop. Rather, the company employs a 
free-running state machine that uses far 
less power than a DSP. Still the control 
is in a digital loop rather than an ana- 
log PWM loop. Steven Bakota, manager 
of digital power at Texas Instruments, 
points out: "Digital power is nothing 
new. TI has been selling digital power 
for 10 years ... in the form of libraries to 
use with standard DSPs. The difference 
now is that we have our Fusion line of 
custom-built parts and a software-devel- 
opment environment to ease the imple- 
mentation of the design." 

Diligent power-supply designers must 
remember that 60^000 transistors in a 
DSP provide the control loop of a digi- 
tal-power system, whereas an analog ap- 
proach requires only about 100 transis- 
tors. Digital-power aficionados also brag 
about quiescent-power consumption of 



7 mA. That figure may be acceptable in 
a blade server that operates from a wall 
outlet, but no battery-operated or porta- 
ble product could afford that much pow- 
er loss. An analog approach, in contrast, 
can operate at less than 1 mA. Designers 
should also evaluate a momentary power 
loss on the system. If the DSP has to re- 
initialize and run user-written code after 
a supply transient, that may make the 
supply unsuitable for some applications. 
A final caveat is that managers have to 
be willing to put a complex software- 
development effort right at the end of a 
product's design cycle, which is typically 
when the power subsystem is designed. 
Managers should not be lulled by promis- 
es of triviality in the design. If the design 
was trivial, an analog PWM part could 
do it at lower cost and less quiescent cur- 
rent. Make sure that a digitally managed 
system is not more appropriate than full 
DSP digital control of the loop.EDN 
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With a ZigBee wireless network, your home devices can easily be connected to each other. A wireless honne 
automation system dramatically reduces installation cost and time, saves energy and makes it easy to add 
new devices. 



I Chipcon Products 

I from Texas Instruments 



What is the ZigBee™ standard? 



Why the ZigBee standard? 



The ZigBee standard was developed for wireless 
communications. It was developed by the ZigBee 
Alliance, which is a global ecosystem of over 200 
major OEMs creating wireless solutions for home, 
commercial and industrial applications. 

It is the only global wireless communications standard 
that allows the development of easily deployable, 
low-power monitoring and control products. The ZigBee 
Alliance is supported by several multi-billion dollar 
OEMs, as well as major suppliers. 



The ZigBee standard is the only standard that 
specifically addresses the typical requirements for 
wireless control and monitoring applications such as: 

• Large number of nodes/sensors 

• Very low system/node costs 

• Operation for years on inexpensive batteries 

• Reliable and secure links between 
network nodes 

• Easy deployment and configuration 

• Global solutions 



Primary target markets 

• Building and industrial automation 

• Home control/security 

• Medical 

• Logistics and asset tracking 

• Sensor networks 

• Active RFID 

ZigBee technology is being embedded into a growing 
number of products across consumer, commercial, 
industrial and government markets worldwide. The 
ZigBee communication standard is key to the growth 
of wireless home and building automation applications 
where various end products need to communicate with 
each other. 

This is enabling companies to have for the first 
time a simple, reliable, low-cost and low-power 
standard-based wireless platform optimized for the 
unique needs of remote monitoring and control 
applications. 




ZigBee Platform 



For OEMs, it is much more cost effective to design 
applications based on the standardized ZigBee 
technology than create a new proprietary solution 
from scratch. Furthermore, OEMs can obtain global 
solutions and independence from RF IC vendors due 
to the 2.4GHz standardized radio by IEEE 802.15.4. 
Existing manufacturers of wired field bus 
technologies who migrate to the ZigBee standard 
will not only reduce installation costs for their 
customers, but will also reduce their product's 
bill of materials due to the cost-effectiveness of 
ZigBee-compliant solutions. 



ZigBee-compliant platform 

Texas Instruments (Tl) offers customers a complete 
hardware and software ZigBee-compliant platform 
that has been certified by the ZigBee Alliance. The 
platform is a reference design, which includes the 
IEEE 802.15.4 PHY/MAC and the ZigBee stack up to 
and including the application framework. This forms 
a solid base for ZigBee system development. In 
addition, Tl supports all application profiles approved 
by the ZigBee Alliance. Customers who base their 
development onTI's certified ZigBee-compliant 
platform will shorten time to market and reduce 
costs for their system design and ZigBee end-product 
certification. Furthermore, customers who use a 
public ZigBee Application Profile are ensured full 
interoperability with other ZigBee systems that use 
the same profile. 
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ZigBee mesh networking 
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Above the PHY and MAC layers defined by IEEE 
802.15.4, ZigBee specifications enable reliable and 
secure mesh, star and cluster-tree network 
topologies with interoperable application profiles. 
Mesh networks allow for high levels of reliability 
and scalability by providing alternative routes 
through the network. 

Tl ZigBee goals: 

• To provide consumers with ultimate flexibility, 
mobility, and ease of use by building 
wireless intelligence and capabilities into 
everyday devices. 

• Enable customers to have a simple, reliable, 
low-cost and low-power global standard-based 
wireless platform optimized for the unique 
needs of remote monitoring and control 
applications. 



Tl low-power RF products for ZigBee 
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• IEEE 802.15.4/ZigBee-compliant 
development kits 

• High-performance radio and robust 
reference designs 

• Free IEEE 802.15.4 MAC software 



ZigBee Tl software development suite: 

• Z-Stack™: Industry-leading ZigBee-compliant 
protocol stack 

• Z-Stack protocol stack extensions 

• Z-Trace™ (debug tool) 

• ZigBee training 



Z-Trace™ 

The Z-Trace tool provides debug information output 
through the serial port of the target (available only 
with chipset development kits). The Z-Stack is fully 
configurable, extremely portable, robust, reliable 
and easy to maintain on any embedded platform. 



ZigBee training course 

Tl's ZigBee training course is the best way to get 
on the fast track to ZigBee success. This hands-on, 
two-day course provides you with a solid 
foundation both in ZigBee protocol and in 
Z-Stack-based product development. The course 
is taught by an experienced engineer and provides 
information, techniques, and strategies you will 
not find elsewhere. Get face-to-face access to 
expert assistance and answers that address your 
specific needs. Even if you are currently just 
evaluating the ZigBee standard, this training 
course is designed to get you started the right way. 

For training dates and locations worldwide, go to: 
www.ti.com/zigbeetraining 

For additional technical information aboutTI's 
ZigBee solutions, including samples, development 
kits, software and more, visit: 
www.ti.com/zigbee 
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Battling bugs 

DEBUGGING EMBEDDED SYSTEMS CAN REPRESENT MORE THAN HALF 
OF AN EMBEDDED-SOFTWARE-PROJECT WORKLOAD. UNDERSTANDING 
HARDWARE-DEBUGGING FUNCTIONS AND THE ISSUES THEY TACKLE IS 
KEY TO SELECTING THE RIGHT CHIPS, BUILDING DEBUGGING SYSTEMS, 
AND INCREASING PRODUCTIVITY. 




any people erroneously credit the term "bug" 
to Rear Admiral Grace Murray Hopper. In 
fact, however, no one knows where the term 
originated, and it may go back to Thomas A 
Edison or even earlier. Nevertheless, US Na- 
val Reservist Hopper found a moth that had 
short-circuited Relay #70, Panel F, of the Mark II Aiken Relay 
Calculator while it was being tested at Harvard University on 
Sept 9, 1945. By removing the moth — that is, "debugging" the 
computer, she solved the glitch that had temporarily shut down 
the machine (Reference 1). Although that early example 
literally removed a bug from a system's hardware, "debugging" 
today refers to the process of understanding a program failure 
and removing the defective code. A failure includes any small 
deviation from the original intention, and removing the defec- 
tive code is much better than adding correction code. In an 
ideal situation, all characteristics, such as bus and register val- 
ues of a system, would be accessible at any time for monitoring 
and modification. But with ICs moving toward SOCs (systems 
on chips), accessibility becomes more difficult. 

Debugging hardware is about providing as much access as 
possible to the internal resources of an embedded system, 
either through observing characteristics of the system, such as 
CPU states and PC values, or by changing system parameters. 
You can debug embedded systems in the early stages of design 
with simple techniques, such as logging and monitors, or 
you can use more recently developed methods for multicore 
SOCs, such as tracing, cache debugging, and cross-triggering. 
This article focuses not on how to write or debug the code, 
but on which embedded hardware IP (intellectual property) 
is available and which aspects of debugging this IP addresses. 

LOGGING AND MONITORS 

The oldest and most common method of debugging is to 
add print statements in the code to show information about 
which pieces of the software execute and provide insight into 
the actual values of registers and variables. This exercise may 
be a legacy of the first-year- student exercise "hello world," in 
which the appearance of the two words on the screen prove 
that the program was alive and has executed up to a certain 
point. The print statement, or printf, is just one variant of 
logging, the process of using the processor to write important 
information to a "pipe" for external tracing. The pipe you 
use depends on the system; in the printf case, the pipe is the 
standard output (screen), but it can also be a UART, a USB, 
or even general-purpose I/O. 



Logging can be valuable when you need to structure 
component information in a way that is meaningful to the 
programmer, such as providing sensor information or state - 
machine transitions. You can use logging tools to analyze 
logging information and generate a postprocessing database. 
To achieve efficiency, you must carefully employ logging 
functions. For example, logging messages should start with 
keywords, such as "warning," "error," or "debug" and should 
identify the message initiator. You should group logging func- 
tions in a small set of files for easier maintenance and provide 
time-stamp information if available. Unfortunately, logging is 
intrusive and modifies the software's real-time behavior to be 
unlike that of the final application. 
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Figure 1 Gdbserver for the Linux operating system is an example 
of a debugging monitor that runs on the target while communi- 
cating with a host debugger. 
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Figure 2 In-circuit emulators feature modified processor hard- 
ware where internal buses and state signals are bonded out and 
made available to the user. 
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The debug monitor, another popu- 
lar debugging tool, works with code 
running on the target (references 
2 and 3) in the CPU memory. A 
debugger running on a host com- 
municates with the monitor through 
a dedicated port to send commands 
and receive responses- You can 
consider the gdbserver program for 
Linux, although more complex than 
early ROM monitors, as a debug- 
ging monitor (Figure !)♦ When a 
user wants to set a breakpoint on 
an instruction, gdbserver saves the 
instruction and replaces it with a 
system calL Gdbserver then relies 
on the ptrace program from Linux to 
get information on all applications 
doing system calls- Subsequently, 
the gdbserver can take control of the 
application you are debugging when 
the system call occurs to invoke the 
breakpoint- The debugger runs on a 
host machine and connects to the 
target through a serial or Ethernet 

connection (Reference 4)- Monitors 

are cheap and practical but have 

several disadvantages, such as the need to load the code 
before any debugging and possible interaction with applica- 
tion software. You cannot use monitor software if code resides 
in flash because it needs to patch the application to insert 
software breakpoints. 

IN-CIRCUIT EMULATION 

The first hardware-based debugging technology, the ICE 
(in-circuit emulator), is a version of the processor you are 
debugging. ICEs usually employ an FPGA (field-program- 
mable gate array). FPGAs bond out their internal buses and 
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Figure 4 In the case of multiple processors on a single chip, 
debugging hardware communicates directly with the main 
JTAG controller. 



Figure 3 The IEEE 1 1 49.1 JTAG standard defines a limited I/O port with as many as five 
signals to perform testing and analysis of circuits through serial communication. 



state signals and make them available to the user (Figure 
2). ICEs provide more debugging capabilities than do ROM 
monitors. To use ICEs, you must replace the processor you are 
debugging on a board by a connection to an ICE box. A host 
running and emulating the functions of the debugger controls 
this box. One of the primary limitations of the ICE is its high 
cost. Additionally, although the method suits simple proces- 
sors, modern SOCs with increasing complexity, integration, 
and frequencies make it difficult for IC vendors to provide 
ICE versions for the modern processors. 

In 1985, a group of European companies formed the JTAG 
(Joint Test Action Group), a consortium to overcome the 
problems of testing semiconductor ICs. They created the 
IEEE 1 149.1 standard for boundary-scan testing of ICs, which 
they released in 1990 (Reference 5 and Figure 3). The JTAG 
standard defines a limited I/O JTAG port with as many as 
five signals to perform testing and analysis of circuits through 
serial communication: TCK (test clock), TMS (test-mode 
select), optional TRST (test reset), TDI (test-data in), and 
TDO (test-data out). 

The IEEE based JTAG hardware on a 16-state finite-state 
machine, which the TMS signal controls. The TCK's rising- 
edge clock captures this TMS signal. The data information 
shifts in on the TDI pad and shifts out on the TDO pad. 
You eventually use TRST to reset the design. You add scan 
registers for each pad of the IC and connect them internally 
to form a boundary-scan chain. You can shift this chain in 
and out through TDI/TDO and JTAG commands to test 
the external connections on a board, test the logic con- 
nections inside the IC, capture values of the pads, and put 
the JTAG chain in bypass mode. JTAG provides low-cost 
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manufacturing'test capabilities, and it has become the most 
common method for testing. But, due to its ease of use, high 
availabiUty, and low-cost implementation, designers also 
frequently use JTAG as a debugging port to access on-chip 
debugging resources (Reference 6)- JTAG is the transport 
layer of debugging communication between a debugger 
running on a host and the embedded processor's debugging 
resources- Instructions shift into the instruction register to 
access the debugging hardware IR Due to the increasing 
cost of ICEs, many semiconductor vendors integrate more 
debugging hardware on-chip to cope with debugging limita- 
tions and provide similar functions to the ICE. One popular 
implementation of such on-chip debugging hardware is the 
BDM (background debugger mode) from Freescale Semi- 
conductor Inc (www-freescalexom, formerly. Motorola) on 
68-kbit Coldfire embedded processors and PowerPC (now. 
Power Architecture) processors- Other vendors use propri- 
etary names for similar functions- 
On-chip debugging hardware adds some functions, such 
as hardware breakpoints, internal register access, read/write 
to memory, and watchpoints, which you could previously 
access only through an ICE. In a multiprocessor SOC, you 
can connect each piece of chip-debugging hardware to the 
main JTAG controller. The connection may vary depending 
on the vendor, but the typical implementation creates a TDI- 
TDO JTAG chain between the on-chip debug JTAG state 
machines and the host debugger (Figure 4)- 

TRACING 

One of the biggest issues in real-time-system debugging 
is the Heisenberg bug, or probe effect: Any software or 
hardware you add for debugging or monitoring is likely to 
change the real-time system's behavior. This situation can 
happen when you add software to collect information for 
profiling, debugging, or monitoring. You can see a similar 
impact when using debugging hardware. For example, on- 
chip debugging hardware may modify the processor execu- 
tion flow to insert breakpoints or profiling hardware may 
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Figure 6 Embedded hardware allows the user to trace buses before 
and after on-chip caches to better understand the cache behavior. 



Figure 5 An on-chip trace-hardware architecture minimizes 
debugging interaction with separate buses for trace data and 
processor data. 



"steal" part of the processor bandwidth to memory to store 
profiling information. 

Debugging hardware may also use the UART connection to 
log information when the production software is supposedly 
using this interface. ICE usually provides nonintrusive trace 
capabilities in which the developer can access the program 
counter of the processor at any time. More SOC vendors are 
integrating trace hardware on-chip to provide similar func- 
tions (Figure 5). Trace hardware achieves nonintrusiveness 
through the use of dedicated trace hardware, a dedicated 
trace port, separate data buses for trace data and processor 
data, and a JTAG interface. 

You can capture trace information using a trace port. In this 
method, you connect a trace box or a logic analyzer on the 
trace port to reconstruct the messages and correlate them with 
source code. Another method of capturing trace informa- 
tion is to use a virtual trace buffer, in which the processor's 
memory stores trace information and the host retrieves 
it — through the JTAG port, for instance — once the test 
ends. A third alternative is to use a dedicated trace buffer 
in which a dedicated memory stores the trace informa- 
tion, which the host retrieves once the test ends. 

The lEEE-ISTO 5001TM 2003 Nexus 5001TM Fo- 
rum Standard for a Global Embedded Processor Debug 
Interface provides an open, general-purpose interface 
for the software development and debugging of embed- 
ded processors (Reference 7). The Nexus Forum started 
its work in 1998 and issued its first release of the Nexus 
standard in 1999 with updates in 2003. The goal was 
to build on several vendors' experience in embedded- 
system debugging and tools to standardize on-chip- 
debugging features and interfaces. Because several of 
the vendors in the forum already offered proprietary 
products for on-chip debugging, the requirements for 
basic on-chip debugging are general enough to ease 
Nexus compliance. The benefit is the standardization of 
the Nexus trace interface, such as trace features, signals. 
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messaging protocol, and APIs (applica- 
tion-programming interfaces) - Meanwhile, 
standardization leaves enough room for 
vendor-defined customizations. Initially 
targeting automotive applications, the 
Nexus standard has rapidly spread in the 
wireless and networking markets- 
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Figure 7 Users can create complex debugging sequences with cross-triggering, 
which translates events from one core domain to generate triggers in another core. 



MULTICORE DEBUG 

Caches provide high performance but 
are difficult to debug because they hide 
the CPU's execution from the external 
memory buses, and the coherency be- 
tween cores and DMA or acceleration hardware is hard to 
understand. Embedded trace hardware is helping to solve 
this problem because the bus under trace is usually virtual 
(before the caches), not physical. It may also be very helpful 
to trace buses before and after caches to better understand 
the cache behavior (Figure 6). Comparison of the resulting 
two traces provides good indication of the cache misses, 
when the cache generates accesses on the physical bus. This 
approach helps to reduce cache misses and enhance the per- 
formance of the software. Another option is to add embed- 
ded cache-debugging hardware to read the cache content in 
debugging mode or write into cache. This option is usually 
in the form of cache-debugging registers accessible through 
software or JTAG ports. With a debugger, a user can halt the 



program execution and check the cache's content. The user 
can employ this information to debug cache-cleaning issues, 
such as invalidation, synchronization, or flushing. 

Modern SOCs often integrate several processors on one 
chip, and it becomes difficult to debug the interaction of the 
cores with traditional debugging hardware. Cross-trigger- 
ing, a recently emerging debugging technique, has become 
popular for debugging complex multicore SOCs (Reference 
8). The principle is to translate events from one core domain 
to generate triggers in another core's domain or to the same 
core domain. Typical events are entry into debugging mode, 
interrupt occurrence, watchpoint occurrence, and breakpoint 
occurrence. Input triggers are typically debugging requests. 
Triggers generate a debug request, an interrupt, or a glitch 
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on one SOC pad. They can also start or stop the trace on the 
processor. The combination of triggers leaves all flexibility 
to the end user to create complex debugging sequences. You 
can use cross- triggers to start a trace on Core A when Core B 
reaches a specific program address or to stop Core B's activity 
when Core A enters debugging, for instance. 

With increasing pressure on SOC sizes, low-cost debug- 
ging may be the Holy Grail for embedded-system architects. 
But they must keep one thing in mind as their priority: 
Never compromise the debug capabilities of the system. If 
they couldn't anticipate all the bugs of their systems, they 
should at least increase their chances of capturing them in 
the future. The cost savings of reduced embedded debugging 
hardware may be at the expense of higher software-debug- 
ging costs later in the project. They should also remember 
that debugging and security have contradictory require- 
ments. Many manufacturers now ship products and simply 
disable the debugging features to protect themselves from 
hackers. This practice is unwise. You can never anticipate 
the type of issues you will encounter in the field. Protecting 
debugging access with security methods, such as keys or 
fuses, is a better option that will not jeopardize your debug- 
ging capabilities. 
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Embedded memory 
evolves 



IN THE SEARCH FOR ON-CHIP RAM, 

SOI TECHNOLOGY OFFERS A NEW ANSWER. 

Ever since its invention in the 1970s, DRAM 
(dynamic RAM) has been the most popular form 
of semiconductor memory. Indeed, modern com- 
puting and communication systems could not ex- 
ist without DRAM. The first volume-production 
device had a capacity of only 4 kbits, but, within 
30 years, the capacity has increased a millionfold. At about 
the same time that DRAM emerged, the microprocessor 
appeared, evolving from early calculator chips- This develop- 
ment quickly led to the development of the PC- When peo- 
ple started trying to use these new marvels, two limitations 
became apparent: The processor chip needed to be faster, and 
more memory was necessary. The same pressure for processor 
speed and memory size came from the communications sec- 
tor, with the result that logic and memory have followed two 
divergent evolutionary paths- 

LOGIC AND MEMORY DIVERGE 

The drive for speed in processors led to the development 
of logic processes to produce transistors with fast-switching 
characteristics- Power consumption and, to some extent, cost 
were not primary considerations. Process scaling enabled 
vast numbers of transistors to find use in designs, and the 
lower voltages these designs employed mitigated the rise in 
power consumption. But, with fast transistor switching came 
leakage, which, together with low-voltage operation, made 
the inclusion of DRAM in ASICs effectively impractical. In 
recent years, the upward trend in switching speed has reached 
a saturation point, and processor designers have employed 
architectural developments such as multiprocessor configura- 
tions to achieve greater performance. However, one recent 
technological development — the move from bulk silicon to 
SOI (silicon-on-insulator) structures — has provided a step- 
function increase in processor performance. Following this 
trend, AMD (Advanced Micro Devices, www.amd.com) has 
announced the move to SOI for its new processor families 
(Reference 1). 

While processors were chasing speed, DRAM continued 
to emphasize size. Every couple of years, manufacturers were 
introducing a new process reduction. They developed the 
trench and stacked capacitors to cram more memory cells into 
a unit area. But the manufacturers emphasized size and cost, 
rather than performance. So, memory processes became more 
complex for each generation, diverging from logic processes. 
As time passed, memory and logic processes became more 
and more incompatible. 

Fast-forward to the 1990s with the introduction of digital 



phones, digital TV, and the Internet, spawning a massive 
demand for sophisticated personal electronics. The use of 
complex ASICs, almost always containing a processor and 
memory, made these products economically viable. The high- 
performance processor communicated with on-chip SRAM 
(static RAM) because SRAM macros were both fast and 
compatible with logic processes. 

Now, you need to know a little more history. Because 
DRAM development had gone down the large and cheap but 
slow path, DRAM couldn't match the speed demands of proc- 
essors. Hence, the concept of cache memory evolved. Small 
and fast, cache memory stores a segment of the information 
that the bulk DRAM contains, with clever logic determining 
which data the processor is most likely to require next. Cache 
copies the selected "snapshot" of data from bulk memory 
before the processor makes the next memory access. 

So, designers of cache memories employed the "forget- 
expense; make-it-as-fast-as-possible" principle. Technology 
limitations at the time meant that cache memories were not 
only expensive, but also small — just a few kilobytes. It was 
impossible to make small DRAMs because of the overhead 
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Figure 1 IBM's embedded DRAM stores charge on the walls of 
a deep-trench structure. 



DECEMBER 1, 2006 | EDN 89 



of the refresh logic necessary to restore the 
data that would otherwise fade away after a 
few milliseconds- Therefore, manufacturers 
made cache memories using SRAMs, which 
required no refresh. The application in cache 
memories pushed SRAM development along 
the same evolutionary path as microproces- 
sors- They had to be fast, so they thrived 
on the same logic-process improvements as 
microprocessors; this co-evolution meant 
that they remained process-compatible- 



JOINING DRAM AND LOGIC 

In the 1990s, designers were building ASICs 

using embedded processor cores and embed- 

ded SRAM. They used SRAM because they 
had always done so and because they believed that DRAM 
was much slower and incompatible with ASIC processes- 
However, researchers at IBM (www-ibmxom) suspected that 
these beliefs were not necessarily true- They postulated that 
designers could build DRAM to be almost as fast as SRAM 
and to occupy less chip area (Reference 2). 

In parallel, researchers at the IMEC (Interuniversity Micro- 
Electronics Center, www-imec-be) in Leuven, Belgium, were 
studying a parasitic phenomenon that occurred with SOI de- 
vices- Because manufacturers fabricated the MOS transistors 
in electrically isolated islands, they could accumulate charge. 
This charge, or "floating-body" effect, influenced the current 
that would flow when you apply voltage to the gate. The 
researchers concluded that they could harness this effect to 
make a memory device — DRAM — and filed a patent. They 
encountered problems, however. The effect was difficult to 
control, and, when they fabricated a memory array, activ- 
ity in one cell tended to cause adjacent cells to switch. The 
technical hurdles at the time were too formidable, and the 
researchers let the patent lapse. 

Now, fast-forward to 2000 and beyond. IBM had figured 
out how to make fast DRAM and make it compatible with 
logic processing. The company started to offer embedded 
DRAM as part of its ASIC portfolio. NEC (www.necel.com) 
has taken the same tack. Meanwhile, Serguei Okhonin, PhD, 
and Pierre C Fazan, PhD, had cracked the problems of mak- 
ing floating-body-effect DRAM work. The two men formed 
a company, ISI (Innovative Silicon Inc, www. innovative 
silicon.com), to develop and exploit the invention, which 
they patented as Z-RAM (zero-capacitor RAM). In early 
2006, AMD licensed the ISI floating-body-effect-memory IP 
(intellectual property). 

Now, two approaches are available for building high-per- 
formance processors and ASICs: Either build in bulk silicon 
CMOS with compatible embedded DRAM, or build in SOI 
using the floating-body- effect DRAM. Many engineers' im- 
mediate reaction to this choice is to point out that SOI wafers 
are 10 to 15% more expensive than bulk silicon, making any 
use of SOI appear more expensive. However, several facts 
about SOI design make this observation incorrect in practice. 

First, because of the nature of SOI circuits, a given design 
can occupy less die area and operate as much as 35% faster 
than an equivalent design in bulk CMOS. Second, die yield 
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Figure 2 NEC's stacked-capacitor embedded DRAM (a) uses a metal-insulator- 
metal capacitor above the silicon in the interconnect stack (b). 



falls by approximately one-fourth the power of the die size, 
so any die-size reduction immediately translates to a major 
saving in cost. Clearly, these two factors work together on 
cost for good dice. ISI estimates that, if embedded memory 
occupies more than 18% of the die area, the smaller die re- 
sulting from using Z-RAM generates a cost saving that coun- 
terbalances the extra cost of SOI wafers and processing. The 
bigger the memory, the greater the cost advantage — along 
with the speed and power improvements of SOI. 

And the comparison to bulk CMOS is itself not quite 
accurate. Although manufacturers can make embedded 
DRAM process-compatible with logic, the DRAM still 
requires a trench or stacked capacitor to provide sufficient 
charge storage for reliable operation. Fabricating this ca- 
pacitor requires additional process steps, some of which are 
critical. But floating-body-effect DRAM on SOI requires 
no additional capacitor and no additional process steps. All 
this approach requires is standard logic processing. 

KEY MEMORY PARAMETERS 

Memory has become the largest single component in 
modern high-performance processor-chip designs. Hence, 
choosing the optimum design compatible with high-perform- 
ance logic is critical to a new design's success. Designers must 
consider many parameters, including cell size, standby power, 
SER (soft-error rate), and performance. 

Cell size: Dynamic cells tend to be five to seven times 
smaller than six-transistor static cells. However, using 
DRAM entails the overhead of voltage-level shifters and 
refresh circuitry. This overhead causes the area of dynamic 
circuitry to be only three to four times smaller than that of 
six-transistor cells. 

Standby power: With SRAMs, background leakage cur- 
rent was once negligible. Unfortunately, with each process 
generation, the "device-off ' or subthreshold leakage doubled 
to the extent that designers now must contend with static- 
memory cells that exhibit approximately 1000 times more 
leakage current on a cell-per-cell basis than dynamic cells. 
However, dynamic cells require level shifters and consume a 
refresh current. When you take these factors into account, 
embedded DRAMs tend to have a six- to eight-times power 
advantage over embedded SRAM. 

SER: An SRAM would once hold its data without error 
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Westcor's new PFC FrontEnd, 
this tough, low profile, 
high density paclcage is ready to 



deliver. 




Features 

> Power Factor Corrected (PFC) 

> Low profile (1 .72" (43,6 mm H) 

> 375 Vdc output 

> Power density up to 28 W/c.i. 

> Output power to 2,200 W 

> Up to 4 non-isolated outputs 



> Integral cooling fans 

> Meets Mil Std 81 OE for vibration 

> DIN rail compatible 

> Safety Agency approvals: cTUVus, 
CE mark 



The PFC FrontEnd is an extremely low profile, 1 RU enclosed 
chassis mount AC front end that may be used with any 
300 V VI-200 / VI-JOO or 375 V Vicor Maxi, Mini, Micro 
Series modules, VIPAC Arrays, or other modules to create 
a complete, high density AC-DC power supply Accepting 
universal input voltages of 85 Vac to 264 Vac, and 100 
to 380 Vdc, the PFC FrontEnd can deliver up to 2,200 W 
@ 230 Vac from 4 non-isolated outputs (additional using 
"Y" adapters). With an extremely compact package size 
of 1.72" H (43,6 mm) X 6.4" W (162,6 mm) x 7" L 
(177,8 mm), the PFC FrontEnd can provide >28 \N/\n\ 



Besides meeting the cTUVus and CE mark safety agency 
approvals, the PFC FrontEnd complies with harmonic 
current limits per EN 61000-3-2, Electrical Fast Transient / 
burst per EN 61000-4-4 and Surge Immunity per EN 
61000-4-5. It also meets the rugged Mil Std 81 OE for 
vibration. 

For information contact: 1-800-735-6200 
vicorpower. com/pfcfrontend 
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indefinitely as long as the system maintained power. This 
situation is no longer always the case- A soft error occurs 
when a single bit flips to the opposite state, resulting in data 
corruption. High-energy particles, such as cosmic rays, which 
are constantly in the background in our environment, cause 
these errors. The susceptibility of a memory to soft errors is a 
function of the stored charge maintaining a given logic state 
in each cell. With embedded DRAMs in submicron technol- 
ogy, each cell holds approximately 20 times more charge per 
bit than SRAMs. Hence, embedded DRAMs tend to have as 
much as 1000 times fewer SER- induced failures than those 
in SRAMs, according to NEC (Reference 3). With SOI 
technology, no conduction can occur through the substrate; 
hence, embedded DRAM on SOI exhibits significantly better 
SER performance than bulk CMOS DRAM. You can miti- 
gate the SER problem by including error-correction circuits 
within the memory array. However, these circuits cost silicon 
area, and the occurrence of multiple simultaneous "hits" can 
overwhelm them. 

Performance: DRAM is not inherently slower than 
SRAM, but DRAM is unavailable during the refreshed 
cycle. So, when constructing a small memory with a simple 
interface, it would be natural to use SRAM. Several ven- 
dors now offer DRAM IP with built-in refresh and SRAM 
interfaces, so, for ASIC designers, it is no more difficult 
to use a DRAM block than an SRAM of the same size. 
When choosing between SRAM and DRAM, you must 
consider many density and performance trade-offs; however, 
the most important parameter is latency. "Latency" refers 
to the time interval between presenting a memory macro 
with a random data access and when that information be- 
comes available. For a large ASIC containing a multiple 
megabyte RAM, the dominant element in latency is not 
the time to read the cells, but the time for the data request 
and its response to travel through the interconnect. Using 
a smaller die reduces this latency. In this 
case, embedded DRAM wins because, 
for a given memory size, DRAMS are 
three to four times smaller than SRAM. 
As an example, substituting DRAM for 
a 9-Mbyte embedded SRAM results in 
an area reduction of about 70% and a 
worst-case latency — that is, the longest 
signal path — reduction of more than 
30% (Reference 4). 

The field of bulk-CMOS embedded 
DRAM has two technology camps: the 
trench capacitor, which IBM champions, 
and the stacked capacitor, which NEC 
and TSMC (Taiwan Semiconductor 
Manufacturing Co, www.tsmc.com) ad- 
vocate. ISI is currently the sole supplier 
of commercial SOI floating-body-effect- 
memory IP. Other suppliers have R&D 
efforts under way. For example, Renesas 
(www.renesas.com) is developing an 
SOI floating-body-effect device, and 
Toshiba (www.toshiba.com) is working 



(a) 



(b) 



Figure 3 A floating-body-effect DRAM 
(a) stores information in the charge that 
becomes trapped in the body of an 
MOS SOI transistor (b). 



on both floating-body-effect memory and FERAM (ferro- 
electric RAM). 



TRENCH- VERSUS STACKED-CAPACITOR DRAM 

IBM early on discovered the difficulties of combining 
DRAM with ASICs and labored through the 1990s with a 
one- to two-generation penalty in ASIC-logic performance 
when it combined ASICs with DRAM. IBM claims that 
this problem no longer occurs with its 130-nm and smaller 
process geometries (Reference 4). The company developed 
its Blue Gene/L supercomputer chip in 130-nm technology 
using embedded DRAM for the Level 3 cache. The company 
achieved 3.3-nsec, 300-MHz operation for the memory array, 
well within the design requirement of 250 MHz. Designers 
estimated that if they had fabricated the Level 3 in SRAM, 
it would have occupied 66% of the die. The area saving they 
achieved by using DRAM equated to a cost saving of 40%, 
without any compromise in performance. 

The production of the trench capacitor is the first stage in 
wafer processing (Figure 1). The embedded DRAM follows 
the layout rules of the technology, and, after the deep trench 
processing, a planar wafer surface presents itself for designers 
to build the logic stages. Hence, the presence of the DRAM 
has minimal impact on the logic yield. The 130-nsec process 
requires four additional masks to implement the DRAM. 
IBM anticipates that future generations of embedded DRAM 
can achieve cycle times of less than 2.5 nsec and data rates of 
greater than 1.5 GHz and still maintain three- to four- times 
better density than SRAM. 

NEC uses a stacked-memory architecture for its ML em- 
bedded DRAM with a zirconium-dioxide, high-K dielectric 
(Reference 5). This process includes an MIM (metal- insula- 
tor-metal) stacked capacitor to avoid the high- temperature 
process steps that conventional SIS (silicon-insulator-silicon) 
stacked DRAMs require (Figure 2). The low-temperature 
processing minimizes degradation of 
the logic performance and enables the 
DRAM to be compatible with standard 
logic CMOS, although this approach 
requires eight or nine additional masks. 

The company is currently using a 90- 
nm process with a DRAM-cell size of 
0.22 microns square and is moving toward 
65- and 45 -nm processes. 

The difficulty with producing a stacked 
capacitor is that you must fabricate it in 
the middle of the process between the 
active devices and the wiring. Also, you 
must use novel materials to build the 
complex 3-D structure. Furthermore, ad- 
ditional planarizing steps are necessary 
to avoid the yield problems that would 
arise if metal tracks had to negotiate 
over tall capacitor structures. At a 90- 
nm process, NEC can incorporate as 
much as 256 Mbits of embedded DRAM 
on a 15Xl5-mm die; assuming that the 
memory occupies half the silicon area. 
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ISENSE to 105V 



RSENSE 



Up to 105V Input 




Oto 8V 




The Perfect Choice for Contmuous Monitoring 6l Ijisec Fault Detection 

For automotive and industrial applications requiring accurate current measurements, Linear Technology's LTC®6101HV 
offers uncompromising performance. Designed to monitor voltages up to 105V with a very fast response time, the 
LTC6101HV can withstand load dump conditions and respond to rapid load changes. The LTC6101HV also offers out- 
standing precision: Input bias current is 170nA Max., Input offset voltage is SOOpV Max., and Offset drift is typically 
ljiV/°C. Gain can be set via 2 resistors to better than 1% accuracy. 
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A complete solutions guide for 
current sense applications. 



XT LTC and LT are registered trademarks and ThinSOT, Delta- 
Sigma and Linear Express are trademarks of Linear Technology 
Corporation. All other trademarks are the property of their 
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NEC claims this method achieves speeds greater 
than 250 MHz. Nintendo (www-nintendoxom) 
selected NEC as the supplier for a complex sys- 
tem LSI chip for the GameCube product, which 
also incorporates memory IP from MoSys (www- 
mosysxom). Manufacturers have built millions 
of devices for this application. 
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ANOTHER ALTERNATIVE 

The issue confronting both the trench- and stacked-ca- 
pacitor makers is that these capacitors are the final steps in an 
evolutionary path of 33 years that has taken them from planar 
capacitors in 8-micron technology to complex 3-D structures 
in 90-nm processes. The aspect ratio of these capacitors 
now exceeds 30-to-l, and the practical limit of fabricating 
capacitors in this way is looming. Floating-body DRAM, on 
the other hand, eliminates the need for a separate capacitor 
and provides a technology path that researchers have demon- 
strated experimentally at the 22-nm level (Reference 6). 

Floating-body DRAM uses a MOS transistor instead of 
a capacitor to store each bit of data. The key point is that 
the memory employs an SOI wafer. Designers construct each 
transistor on its own silicon island and electrically isolate the 
transistors from one another, enabling each one to accumu- 
late a charge. The quantity of this charge affects the current 
that flows through the transistor when you apply a voltage 
between the source and the drain (Figure 3). You can sense 
this difference in current and use it to indicate the storage 
of a one or a zero. To store a one in a cell, you apply the 
charge to the body of the transistor using impact ionization. 
This process is similar to the technique that flash memories 
employ, except that impact ionization is faster and uses less 
energy. Also, flash memories retain stored data for a long 
time, whereas Z-RAM loses its data after a few milliseconds 
if you do not refresh it. The much lower capacitance of the 
floating-body cell has additional implications. Because there 
is no bulk capacitance, drive and decoding circuitry can 
be faster. And the smaller capacitance means that refresh 
requires significantly less energy than with a capacitor-based 
DRAM. 

Whereas each storage node in a conventional DRAM 
requires a capacitor and an access transistor, each node of a 
floating-body DRAM requires only one NMOS transistor. 
This simplicity enables the devices to achieve double the 
density of standard embedded DRAM at a 90-nm process, 
and this advantage will become greater at each succeeding 
process generation. 

In January 2006, AMD endorsed floating-body-DRAM 
technology; the company subsequently licensed the IP from 
ISI to develop larger cache memories for its new generation 
of processors. "The agreement is part of our ongoing research 
into higher density and more energy-efficient on-chip 
memory," says an AMD spokesman. "We're looking at this 
technology for potential use in future AMD processors." Be- 
cause AMD manufactures processors using SOI technology, 
floating-body DRAM as on-chip cache or working storage 
could be a natural fit, enabling the company to increase 
performance and reduce cost. 

It is clear that embedded DRAM has a firm place in all 



application sectors. In consumer, communica- 
tions, and automotive applications, a complex 
system ASIC with onboard DRAM may require 
no external memory at all. In computing applica- 
tions, especially high-end processors, embedded 
DRAM enables the use of a large Level 3 cache, 
greatly increasing the memory bandwidth. IBM 
has followed this path with its Blue Gene/L 
supercomputer chip, and AMD will likely follow, 
bringing L3 cache into the PC market. The final determinant 
is technology. SOI processing is quickly moving into the 
mainstream. It is a case of simple arithmetic to demonstrate 
that the combination of SOI and embedded floating-body 
DRAM produces the most economic high-performance ASIC 
technology.Etii^ 
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3A, 40V Boost Regulators 




High Frequency, Monolithic, Efficient & liny 

Linear's growing family of boost regulators provides quick, simple and tiny solutions for step-up converter applications. 
Common features, such as on-chip high voltage, high current power devices and integrated soft start reduce the external 
component count. Switching frequencies up to 3.5MHz reduce the size and values of the capacitors and inductors. Our 
proprietary design techniques enable high efficiency conversion to minimize power dissipation. 
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Singje Port PoE 



LTC4263 




Fully Autonomous Controller with Integrated FET Simplifies PSE Design 

The LTC®4263 is a complete, single port Power over Ethernet controller for Power Sourcing Equipment. It integrates a high-voltage 
isolation FET, AC-/DC-disconnect circuitry, a fully compliant detection and classification engine, and a novel multiport power 
management scheme, requiring only a few external components. The fully autonomous operating mode requires no software 
and port status is optionally displayed using a flashing LED. The LTC4263 combines integrated features and simplicity with the 
ruggedness and reliability of Linear's PoE product family. 
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EDITED BY BRAD THOMPSON 
AND FRAN GRANVILLE 



READERS SOLVE DESIGN PROBLEMS 



Two-channel audio amplifier 
drives stepper motor 

Phill Leyva and Bill Quach, Maxim Integrated Products, Sunnyvale, CA 



Although relatively expensive, 
monofilar-wound, bipolar step- 
per motors provide strong torque for 
a given physical size- However, each 
of the motor's two windings requires 
eight driving transistors connected in 
groups of four in an H-bridge configu- 
ration. Each transistor must withstand 
and quickly recover from overloads 
and short-circuit conditions, and a 
driver must consequently include 
complex and large discrete-compo- 
nent protective circuitry. 



As an alternative. Figure 1 shows a 
motor-driver circuit based on Maxim's 
(www.maxim-ic.com) MAX9715, a 
tiny, surface-mount, 2.8W Class D au- 
dio amplifier, which typically drives 4 
or 8n speakers. Each of IC^'s two out- 
puts consists of a MOSFET H-bridge 
that drives a pair of output lines, 
OUTR+ and OUTR- and OUTL+ 
and OUTL — , that connect to the 
stepper motor's A and B windings, re- 
spectively. Each pair delivers a differ- 
ential-pulse-width-modulated signal 
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Figure 1 A single surface-mount circuit and a few passive components can 
drive a bipolar, monofilar-wound stepper motor. 
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line without disturbing it 

1 00 Active-filter circuit and 
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annplifier's output 

1 02 Voltage-to-pulse-width con- 
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delivers 80 nnA 
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with a nominal switching frequency 
of L22 MHz. The circuit's low-inter- 
ference design eliminates the require- 
ment for output-line filters. 

Capacitors C^, C^, and pro- 
vide bypassing for IC^'s power input 
and bias pins, and and pro- 
vide bulk'holdup capacitance for 
the Class D power amplifiers' out- 
puts. Capacitors Cg and C^ limit the 
amplifiers' input bandwidth to 16 
Hz, and and suppress electri- 
cal-noise pickup by the long input 
cables. Comprising C^ C^, and fer- 
rite bead a pi-section noise filter 
suppresses noise on IC^'s power-sup- 
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ply input- A suitable controller feeds 
digital pulses to IC^'s A_Step and 
B_Step inputs, which respectively 
drive the motor's right and left chan- 
nels- Internal short-circuit and ther- 
mal protection guards the amplifier 
against overcurrent and short cir- 
cuits caused by the stepper motor or 
its connecting leads- 
Table 1 illustrates the A_Step and 
B_Step pulse sequence that rotates a 
typical stepper motor in one direc- 
tion by continuous application of 
steps through 4- Step 4 returns the 
motor's shaft to its starting position 
and completes its 360° rotation. To 
reverse the motor, begin at the hot- 
tom of the table to reverse the pulse 
pattern and work upward- You can 
disable both of the amplifier's chan- 
nels by applying a logic-low signal to 
Pin 8, IC^'s active4ow SHDN input. 
Figure 2 illustrates the circuit's input 
and output waveforms. EDN 
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Figure 2 Waveforms from the circuit in Figure 1 include the A_Step input (Chan- 
nel 1), B_Step input (Channel 2), outputs OUTR+ (Channel 3) and OUTR- 
(Channel 4), and the signal that arrives at the motor's windings (OUTR+ minus 
OUTR-, middle trace), which the oscilloscope's math function computes. 



Get power from a telephone line 
without disturbing it 

Yongping Xia, Navcom Technology, Torrance, OA 



An idle telephone line tempts 
designers to use its 48V poten- 
tial as a power source- However, Part 
68 of the US Federal Communications 
Commission's telecommunications 
regulations states that any device that 
connects to the phone line and is not 
actively communicating must present 



a resistance of at least 5 MH (Refer- 
ence 1). To meet this requirement, a 
device's continuous-current drain must 
not exceed 10 |jlA. Fortunately, many 
devices that connect to the phone 
line do not require continuous power 
and can remain off for long intervals, 
awakening only for a short time before 



relapsing into power-off mode- Pro- 
viding power for these applications 
from the phone line presents obvious 
advantages by eliminating the need for 
a battery or another power source and 
the cost of battery maintenance- 

The circuit in Figure 1 charges 
a L5F supercapacitor, C^ from the 
phone line through a diode bridge and 
a 5.6-MH resistor. A Maxim (www. 
maxim-icxom) MAX917 nanopower 
comparator, IC^ consumes only 0.75 
|jlA from its power supply. Resistors 
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Figure 1 This power-conversion circuit delivers intermittent bursts of regulated voltage from a supercapacitor charged by a 
trickle of current from a telephone line. 
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LOW-POWER, QUAD VOLTAGE 
MONITORS OFFER 
HIGHEST ACCURACY 



±1% Accurate Threshold Optimizes 
Battery Life in Portabie Electronics 

♦ 5.7mA Supply Current 

♦ Reverse-Battery Protection 

Monitor Down to 0.6V 
with ±1% Accuracy 

♦ Ideal for Critical 
Low-Voltage Core Supplies 

♦ Under-or Over-Voltage 
Monitoring Options 

Adjustable Hysteresis Provides 
Design Flexibility 

♦ Optimized for High-Transient 
Systems as in Automotive 
and Industrial Applications 
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and halve the voltage across 
and apply it to IC^'s positive input 
voltage at Pin 3 for comparison with i 
its built-in L245V reference. For | 
voltages across that do not exceed 
2.49V, IC^'s output at Pin 6 remains 
low. When C^'s voltage reaches 2.5V, 
Pin 3's voltage exceeds the reference 
voltage, and IC^'s output goes high, 
turning on and Q^. 

Several days must elapse before 
becomes fully charged, given its huge 
capacitance and a charging current of 
less than 10 fxA. The voltage on 
can never exceed 2.5V because, once 
it reaches 2.49V, and turn on, 
connecting to a switched-mode- 
power-supply circuit. Because the 
power-supply current exceeds the , 



charging current, the voltage across 
starts to decrease when turns 
on. Transistor holds on when 
C^'s decreasing voltage causes to 
turn off. 

The switched-mode-power-supply 
circuit comprises a Linear Technology 
(www.linear.com) LTC3459 micro- 
power boost converter, IC^, and its 
associated components, which deliver 
5V at 10 mA. A fully charged can 
supply power to a 10-mA load for 
approximately 40 sec. With no load, 
the circuit can sustain its 5 V output for 
more than 10 hours. For greater out- 
put current and shorter operating time, 
select another boost converter that can 
operate at a low input voltage. 

Mechanical switches, open-drain 



MOSFETs, open-collector transistors, 
or a microcontroller's open-drain out- 
put pins can drive two external control 
inputs to force the circuit on and off. 
Pulling the On input low forces to 
turn on and deliver power from to 
the power converter, and pulling the 
Off input low turns off and removes 
power from the converter. Note that 
the power converter's output-return 
line connects to the telephone line 
and thus should not connect to an 
earth ground or to grounded equip- 
ment. EDN 



REFERENCE 

CI "Part 68," Federal Communications 
Commission, www.fcc.gov/wcb/iatd/ 
part_68.html. 



Active-filter circuit and oscilloscope 
inspect a Class D amplifier's output 

John Guy, Maxim Integrated Products Inc, Sunnyvale, OA 



The increasing acceptance of 
Class D amplifiers has helped 
them gain market share from their 



linear Class AB brethren. That 
acceptance is no surprise; the advan- 
tages of Class D amplifiers are legion, 



but such amplifiers also require 
new techniques for evaluation. For 
example, consider a basic sine-wave 
test of a linear amplifier. You apply 
power, apply a sine wave of suitable 
amplitude to the input, and connect 
an oscilloscope probe to the output. 
You'll see a replica of the input, usu- 
ally offset by about half the power- 
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Figure 1 Use this third-order, 30-kHz filter circuit to observe a Class D amplifier's output signal on an oscilloscope. 
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supply voltage- Even if the linear 
amplifier drives a BTL (bridge-tied 
load), you'll still see a recognizable 
replica of the input at either end of 
the load, albeit at half of the output 
signal that's available- 
Testing a Class D amplifier poses 
more difficulties- The amplifier's 
output comprises a PWM (pulse- 
width-modulated) signal that swings 
between ground and the supply volt- 
age at a frequency that's usually 200 
kHz to 2 MHz- However, when you 
view this PWM output on an oscillo- 
scope, you'll see no resemblance to the 
sine-wave input- 

You can observe a Class D audio 
amplifier's output if you introduce 
the filter circuit in Figure 1- Based 
on Maxim's (www-maxim-ic-com) 
MAX-9727 quad-audio-line driver, 
ICp the circuit combines separate 
single-ended filters — one for each 
of the BTL outputs' phases — with a 
third amplifier that provides a differ- 
ence signal with additional filtering- 
The first stage of each single-ended- 
filter section contributes the com- 



plex-conjugate pole pair of a third- 
order, 30-kHz multiple-feedback 
Butterworth filter, for which many 
design guidelines and equations are 
available- Each third-order-filter sec- 
tion comprises a complex-conjugate 
pole-zero pair and one real pole- 
To improve the match between the 
signal paths, the two separate mul- 
tiple-feedback filters share a real pole, 
which 470-pF capacitor C^ and 1 l-kH 
resistors and provide- The circuit 
implements that pole as a difference 
amplifier, thereby producing a filtered 
output that presents a single-ended 
version of the BTL amplifier's outputs- 
' The filters' signal paths present 5-5- 
kn impedances to each of the A and 
B amplifier sections' inputs- By inspec- 
tion, the net 5-5-kn impedance from 
Section B's output to C^ comprises 
the Thevenin-equivalent impedance 
of resistors R^ and R^- Similarly, the 
net impedance from Section A's out- 
put to Cp also 5-5 kn, comprises the 
Thevenin impedance of resistors R^ 
and R^- Note that the virtual ground 
from Amplifier D's inverting input 



effectively grounds resistor R^- 

Matched resistors attenuate each of 
Amplifier D's differential inputs by 6 
dB (IN+ by R^ and R^ and IN- by 
Rg and R^)- A 22-kn feedback resis- 
tor, R^, provides Amplifier D with a 
gain of two, which sets a unity-gain- 
transfer function in the circuit's pass- 
band- The circuit's single-ended out- 
put with respect to ground allows the 
oscilloscope's ground to also serve as 
the output signal's ground- A version 
of this circuit using conventional op 
amps would require a negative-power- 
supply-voltage source, but Maxim's 
MAX9727 already includes a nega- 
tive-voltage source, which its inter- 
nal charge-pump circuit generates- 
When you operate the circuit from a 
5V supply, the circuit's output deliv- 
ers more than 2-5V rms- Although 
its third-order filter is inadequate for 
precise measurements of distortion or 
noise, the circuit provides an excel- 
lent tool for troubleshooting and 
evaluating Class D-amplifier circuits 
and inspecting their outputs on an 
oscilloscope-EDN 



Voltage-to-pulse-width converter 
spares microprocessor's resources 

James Christensen, Kris Design Co, El Cajon, OA 



P|H Although not an ADC in the 

KM classic "stream-of-ones-and 
zeros" sense, this voltage-to-pulse- 
width converter produces a logic-level 
output pulse whose variable width 
represents an analog of the input 
voltage- Based on Atmel's (www- 
atmel-com) AT89LP4052 micropro- 
cessor, ICp this circuit makes efficient 
use of the target microprocessor's 
limited analog-port pinout and code 
space by using a modified version of 
the classic timed-discharge-RC (resis- 
tor-capacitor) ADC design- 

The timed-RC ADC allows a 
capacitor to charge through a resis- 
tor while the microprocessor incre- 
ments a counter- When a compara- 
tor detects that the capacitor voltage 



and analog- input voltage are equal, 
the count terminates, and its stored 
value represents the ADC's output- 
However, an RC network's exponen- 
tial charging characteristic produces 
a nonlinear conversion- Various soft- 
ware and hardware techniques can 
partially correct the nonlinearities, 
but all entail adding code, increas- 
ing the circuit's development time, or 
consuming additional I/O-port pins 
required for other purposes- 

To produce a linear-charging 
characteristic that needs no correc- 
tion, the circuit in Figure 1 uses an 
LM334 constant-current source, IC^, 
to drive capacitor C^, which connects 
to IC^'s AINq analog-input port- An 
internal timer in the microcontroller 



measures the elapsed time from the 
charging ramp's start to the instant 
when the ramp voltage crosses the 
analog-input-voltage threshold at 
IC;s AIN^ port- 
In this application, potentiometer 
RV^ provides an analog- input voltage 
proportional to its position- The width 
of the positive-going pulse at the out- 
put, PL5, varies in proportion to the 
analog-voltage input- Note that I/O- 
port pin AIN^ serves a dual purpose as 
an analog input and as an open- drain 
output that discharges ramp-forming 
capacitor C^ before the next conver- 
sion cycle- 

An 8-bit voltage-to-pulse-width- 
conversion cycle completes in less 
than 4 msec- The code performs the 
conversion function and outputs a 
pulse train at IC^'s port PI -5 (Pin 
17) with a period of 100 msec and 
a positive-going pulse width propor- 
tional to the analog- input voltage at 
Pin 13 (AIN^)- Programming con- 
nector provides access to IC^ for 
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uploading the compiled code- The 
AT89LP4052 microprocessor typi- 
cally executes one instruction per 
clock cycle, and a 10'|JLsec timer 
routine can perform the required 



housekeeping functions with plenty 
of time left over for other program 
tasks, including a future application 
that requires a binary-coded analog- 
tO'digital output. You can download 



Listing 1, which is written in C for 
the Keil Software (www-keiLcom) 
compiler, from the online version of 
this Design Idea at www-ednxom/ 
061201diLEDN 
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Figure 1 An analog-voltage-to-pulse-width converter features minimal parts. Subgraphs show timing-network and output- 
voltage waveforms. IC/s unlabeled pins are available for user functions. 



Precision voltage reference 
delivers 80 mA 

James Horste and Gary Staiman, 

Maxim Integrated Products Inc, Sunnyvale, CA 



Large analog systems that pres- 
ent many loads to a voltage-ref- 
erence source can often demand more 
current than a single reference IC can 
deliver. However, if the reference IC 
includes force and sense terminals, you 
can easily add a buffer to the circuit's 



feedback loop without affecting the 
reference's accuracy. For example, the 
circuit in Figure 1 provides the same 
0.04% initial accuracy and 7-ppm/°C 
temperature coefficient as IC^ a stand- 
alone MAX6033. The buffer circuit 
delivers as much as 80 mA. 



1 



When you design a buffer stage for 
a force/sense-control loop, the buffer 
must provide unity-voltage gain with 
no phase inversion. In addition, the 
circuit's power supply must provide 
head-room voltage to accommodate 
the reference voltage plus voltage 
drop across the buffer stage. The sim- 
plest buffer circuit comprises an NPN 
transistor that connects as an emit- 
ter follower, which requires a drive 
voltage that exceeds the reference's 
output voltage by one transistor base- 
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Figure 1 Add a two-transistor output buffer to a 4.096V, 1 5-nnA reference IC to 
boost its output current to 80 mA or higher. 



emitter voltage drop- If you add the 
required minimum power-supply 
voltage plus the maximum allowable 
base-emitter voltage, the configura- 
tion runs out of head room. Using a 
PNP stage to drive the emitter drive 
stage solves the head-room problem 
but inverts the output voltage and 
prevents the force/sense loop from 
functioning. Adding a second PNP 
stage cancels the phase inversion but 
destabilizes the force/sense loop by 
adding excessive gain. 

The modified complementary Dar- 
lington, or Sziklai, connection (Refer^ 
ence 1 ) in Figure 1 solves both prob- 
lems by providing an emitter follower's 
unity-voltage gain with no inversion. 
The output PNP stage provides plenty 
of head room, but the NPN stage does 
not. You can easily overcome this 
drawback by adding diode to shift 
the NPN transistor's emitter voltage 
downward by a diode drop. Thus, 
to a first approximation, the diode's 
voltage drop and the transistor's base- 
emitter voltage cancel one another, 
leaving plenty of voltage head room. 



Transistor Q^, a 2N2907, provides lim- 
ited current gain, which in turn limits 
the circuit's maximum output current 
to 80 mA. Substituting a higher gain 
transistor can increase the output cur- 
rent to any reasonable level. 

For stability, the MAX6033 requires 
0.1-|jlF ceramic bypass capacitors on its 
In and OutF pins. Capacitor deter- 
mines the circuit's response speed, but 
the buffer circuit exerts no significant 
effect on transient response. Most dc- 



reference-voltage ICs cannot accom- 
modate a fast-changing load-cur- 
rent step; thus, the circuit's transient 
response and its ability to supply fast 
current spikes depend on the output 
capacitor, C^^^^^. Values of C^^^^^ as 
high as 10 |jlF do not affect the cir- 
cuit's stability.EDN 



REFERENCE 

n "Sziklai Pair," Wikipedia, http:// 
en.wikipedia.org/wiki/Sziklai_pair. 
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ROHS-compliant MOVs 

provide transient-voltage protection 

Joining the vendor's VE/VF series MOVs (metal-oxide varistors), the new 
devices feature a lead-free version. These ROHS ( res trie tion-of-hazardous- 
substances) -compliant units provide transient- voltage protection by limiting surge 
voltages and absorbing energy pulses. Features include an 18 to 825V-dc operating- 
voltage range, 0.4 to 230J energy absorption, and 10,000A peak-current handling. 
The MOVs costs 4 cents each (10,000). 
AVX Corp, www.avx.com 



Thick-film chip resistors 
handle 2W of power 

Capable of handling 2 W of pow- 
er, the thick-film RHC series 
SMD chip resistors achieve 1 and 5% 
tolerances at a TCR (temperature co- 
efficient of resistance) of 100 ppm. 
Features include E24 values of 0.1 H to 
1 MH and a 200V 
continuous- work- 
ing voltage. A sig- 
nificantly larger 
bottom termina- 
tion provides more reliable termina- 
tion with improved heat conduction. 
Available in a 2512 size, the RHC 



^0. 



units cost 12 cents each (4000) for 
5% tolerance and 18 cents for 1% tol- 
erance. 

Stackpole Electronics, www.seielect. 
com 



High-current inductor 
keeps a low profile 

Adding to the vendor's low-pro- 
file, high-current IHLP induc- 
tor family, the IHLP2525CZ11 induc- 
tor has a 1- to 22-|jlH inductance range 
with a ±20% inductance tolerance. 
Features include a 2.5 to 9. 5 A satura- 



tion-current range, a 7.6- to 128.9-mH 
typical dc-resistance value and an 8- to 
135 -mH maximum dc-resistance value. 
Measuring 6.47x6.86 mm, the device 
has a 3-mm-high profile. Available in a 
2525 footprint, the IHLP2525CZ11 in- 
ductor costs 32 cents (10,000). 
Vishay, www.vishay.com 



Voltage-divider network 
is ROHS-compliant 

Extending the resistance range 
from 5 to 100 kll to 1 to 100 kll, 
the SSI series networks have a lOOV- 
dc maximum operating voltage. The 
ROHS (restriction-of-hazardous-sub- 
stances) -compliant voltage-divider net- 
work includes R2/R1 ratio values, in- 
cluding 10, 9, 4, 
3, 2, and 1, with a 
±0.05% ratio toler- 
ance and a ±5- 
ppm/°C TCR (tem- 
perature coefficient 
of resistance) tracking tolerance. Avail- 
able in an SOT-23 package, the SSI 
series is available at prices of 30 to 40 
cents (10,000). 

Bl Technologies, www.bitechnologies. 
com 



Wirewound power- 
inductor series 
comes in 13 models 

Targeting dc/dc-converter-choke- 
coil applications, the wirewound 
NR8040T series power inductors suit 
LCD and plasma TVs, automobile- 
navigation systems, home-video-game 
consoles, and other devices. The series 
features 13 models offering a to 
0.29H dc-resistance range, a 0.9- to 100- 
fxH inductance range, and a 1 to 11. 8A 
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NOTES 



Dual Monolithic Step-Down Switching Regulator Provides 1 .6A 
Outputs with Reduced EMI and Vqut as Low as 0.8V 

Design Note 404 
HuQ (Walker) Bai 



Introduction 

Electronic devices are becoming smaller while the power 
requirements are increasing to satisfy ever more func- 
tionality. To preserve power and manage heat, switching 
regulators are desirable because of their high efficiency 
compared to linear regulators. 

The LT3506 and the LT3506A are examples of how to 
squeeze power out of a supply without overheating the 
end product. These are dual 1.6A step-down monolithic 
regulatorsthatsimplifythe lives of system engineers.They 
eliminate the need for external power switches, thereby 
reducing solution size and BOM cost. Their outputs can 
be as low as 0.8V, satisfying the needs of the latest DSPs. 
Integrated dual output channels reduce the part count, 
whileanti-phaseswitchingofthetwo channels maximizes 
efficiency and reduces input current ripple and EMI. Both 



4.7hH 
CDRH4D22/HP-4R7 




the LT3506 and the LT3506A have 0.8V high accuracy 
voltage references. 

Typical LT3506A and LT3506 Applications 

The primary difference between the LT3506A and the 
LT3506 is the switching frequency. The LT3506A's switch- 
ing frequency is 1.1MHz while the LT3506's is 575kHz. 
Higher switching frequency allows smaller components. 
For lower output voltages, i.e., less than 3.3V, the LT3506 
is recommended if Vout/Vin(max) is less than 15%. The 
lower switching frequency option usually results in higher 
efficiency due to the lower switching and inductor core 
losses. 

The circuit in Figure 1 generates a 3.3V and a 5V output. 
The overall efficiency of the circuit (both channels) is 
shown in Figure 2. The circuit shown in Figure 3 gener- 
ates a 1 .2V and a 1 .8V from a 3.6V to 21V input. The wide 
input voltage of both the LT3506 and the LT3506A (3.6V 
to 25V) can accept a variety of power sources, from lead- 
acid batteries and 5V rails to unregulated wall adapters 
and distributed power supplies. 

XT, LT, LTC, LTM are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property ot their respective owners. 



VoUT2 
f , 3.3V 



70 





6.8V 


NPUT 





























: 10V 

X5R 



500 1000 1500 
CURRENT (mA) 



Figure 1. LT3506A Application Circuit Provides 
Dual Outputs of 5V at 1 .6A and 3.3V at 1 .6A 



Figure 2. Overall Circuit Efficiency 
(Botli Outputs Loaded Identicaiiy) 
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The LT3506's high switching frequencies allow the use of 
small, low profile surface mount inductors and ceramic 
capacitors, resulting in smaller solution size and lower 
assembly cost. Furthermore, the low ESR of ceramic 
capacitors and high switching frequency results in very 
low, predictable output voltage ripple. 

The internal supplies of both the LT3506 and LT3506A 
are powered from V||\ii pins. It is possible to supply power 
via the V|N2 Pin from a different source, or it can be sim- 
ply tied to VouTi» provided Vquti can supply sufficient 
current. The efficiency of Vqutz can be improved when 
supplying V||\|2 from a separate, lower supply voltage. 
Cascading V||\|2 to Vquti ^Iso enables some low duty 
cycle applications for Vout2- 

The thermally enhanced 16-lead DFN or TSSOP pack- 
ages have an exposed ground pad on the bottom. This 
ground must be soldered to a ground pad on the PCB. 
Addingadozenthermalviastothis pad improves thermal 
performance. A higher temperature grade part, l-grade, 
is also available. 



Vquti 
1.8V 

22pF AT1.6A 




3.3^H 

NSR0230M2T5G TOKO 

D53LC, TYPE A 



V0UT2 

1.2V 
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ZII6.3V 
J_ X5R 



Power Sequencing without Adding Connponents 

Supply sequencing is critical in many systems in order 
to prevent possible latch-up and to improve system reli- 
ability. Independent PG (Power Good) indicators, RUN/SS 
pins and Vc pins of the LT3506 and the LT3506A simplify 
supply sequencing. The PG pin remains low until the FB 
pin is within 10% of the final regulated output voltage. 
The easiest way to sequence outputs is to tie the PG1 pin 
to the Vc2 pin. Then remove the pull-up resistor on PG1. 
This enables Vquti to come up before Vout2 shown 
in Figure 4. 

2-Phase Switcliing Eases EMI Concerns 

A step-down switching regulator draws current from 
its input supply and its input capacitor, resulting in a 
large AG current that can generate EMI. The LT3506's 
two regulators are synchronized to a single oscillator 
and switch out of phase by 180 degrees. Compared with 
two completely independent regulators, the input cur- 
rent ripple of the LT3506 is substantially reduced and 
its effective frequency doubled, thereby lowering EMI 
and allowing the use of a smaller input capacitor without 
reducing efficiency. 

Conclusion 

Both the LT3506 and LT3506A step down the output 
voltage to as low as 0.8V and provide 1.6A of current 
capability per channel. 2-channel anti-phase switching 
substantially reduces the input current ripple and eases 
EMI concerns. The PG, Vc, and RUN/SS pins make supply 
sequencing simple and straightforward. Two package op- 
tions (leadless and leaded) and two switching frequency 
options allow optimal solutions for most applications. 
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Figure 3. LT3506 Application Circuit Provides 
Dual Outputs of 1 .8V at 1 .6A andl .2V at 1 .6A 



Figure 4. Start-Up Waveforms of the Circuit 
in Figure 1 with Power Sequencing 
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current rating. The NR8040T400M de- 
vice provides a 3 -4 A current at 10 fxH. 
Available in an 8X8x4-111111 package, 
the NR804T series costs 30 cents. 
Taiyo Yuden, www.yuden.us 



Resistors target surge/ 
pulse and thermal-cycling 
applications 

□ Targeting circuits subject to ex- 
treme thermal cycling, the rug- 
ged, cylindrical surface-mount HSF and 
SMC series resistors suit surge/pulse and 



thermal-cycling applications- The HSF 
series features a IW power rating at 
70°C and a 350V working voltage. The 
units feature 5.9, 11, 27, 68, and 270H 
resistances; ±10% tolerance; and ±50 
ppm/°C TCR (temperature coefficient 
of resistance). The SMC series has a 




IW power rating at 70°C for the 2512 
package and a 2W power rating at 70°C 
for the 3610 package. Resistance rang- 
es from 1 to 2 MH, with a ±5% toler- 
ance and ±50 ppm/°C TCR. Provid- 
ing maximum thermal compliance, the 
SMC series features metal caps fitted 
on the terminals of the cylindrical re- 
sistor body. This technique provides im- 
proved thermal compliance, relieving 
stresses created from the TCE (thermal- 
coefficient-of-expansion) mismatch be- 
tween the ceramic component and the 
FR4 pc board. The HSF and SMC series 
resistors cost 18 cents each. 
I RC, www. i rctt.co m 



EDA TOOLS 

Power-analysis tool 
improves clock gating 
and clock tracing 

The newest version of the Power- 
™™ Theater RTL power- estimation 
and -management tool, the Power- 
Theater65 improves clock-gating, clock- 
tracing, and clock-power-reporting ca- 
pabilities. Improved hierarchical-clock 
gating allows users to better determine 
where they should place integrated 
clock-gating cells and applies to com- 
mon clocks and enable signals across hi- 
erarchical boundaries. This tool also re- 
ports on the number of registers gated in 
a design. The clock-tracing algorithms 
and tracing-distribution networks use 
combinational and sequential timing 
arcs in the timing libraries, assisting de- 
signers in guide-clock tracing. These 
tools also generate a clock-domain-trac- 
ing report, showing the power of all el- 
ements the tool has traced in the clock 
domain. A clock-enable-condition pow- 
er linter determines the effectiveness 
of the clock by analyzing the relation- 
ship between the clock-enable signal, 
the clock signal, and the data signal 
for inferred registers in the design. The 



power-analysis tool extends support to 
the gate-level vectorless power estima- 
tion and can now read encrypted Lib- 
erty (synlib) format libraries. The Pow- 
erTheater65 costs $175,000 for a three- 
year time-based license. 
Sequence Design, www.sequence 
design.com 



Vendor adds features 
to its SiP Analysis suite 

□ Adding IC/package/pc-board co- 
design-analysis features to the 
vendor's SiP ( system- in-package) Anal- 
ysis suite allows the tool to better mod- 
el power across the IC, package, and 
pc board. The PakSi-E tool generates a 
CPP (chip-package-protocol) package 
model that automatically maps ports 
between the IC design's Spice deck and 
package model. Apache Design's (www. 
apache-da.com) RedHawk static and 
dynamic IC power tool can read this 
model, allowing IC designers to search 
for power problems and their impact 
on timing across the combined IC and 
package. The vendor has also added 



features to the PowerGrid tool, merg- 
ing single-chip packages or SiP geom- 
etry with a pc-board geometry. This ap- 
proach allows users to identify hot spots 
on the pc board and package or SiP on 
which current and frequency are pool- 
ing and can cause failures. Prices for the 
SiP Analysis suite start at $65,000. 
Optimal Corp, www.optimalcorp.com 



Wire-harness upgrade 
adds design-managing 
features 

□ Targeting the design of wire har- 
nesses in planes, trains, and au- 
tomobiles, the Capital HarnessXC fea- 
tures Internet-based integration tech- 
nologies and a data-driven graphical- 
styling engine. The engine allows de- 
signers to work with common tools and 
processes across multiple locations. New 
features include the embedded change- 
policy manager, allowing designers to 
configure how to evaluate and apply de- 
sign changes, and an intelligent-styling 
capability, allowing designers to config- 
ure standards and ensure that they ren- 
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der drawings based on the specified de- ing and drawing access through direct 

sign data and graphical standards- Ad- links with MCAD packages, including 

ditional features include data report- CATIA Version 5, Unigraphics NX, 



INTEGRATED CIRCUITS 



Buck converter powers 
FPGAs, ASICs, DSPs, 
microprocessors 

□ With an input-voltage range of 
2.4 to 5.5V and an output- voltage 
range as low as 0.6V, the EN5312Q1 
buck converter features an integrat- 
ed inductor that needs two low-cost 
ceramic capacitors. The lA, 3W de- 
vice incorporates voltage-mode con- 
trol with a high switching frequency to 
provide a wide bandwidth-control loop, 
which enables transient performance 
with high-noise immunity. A three-pin 
VID programs the output voltage with 
a typical output ripple of 5 mV p-p. 
Users can choose one of seven prepro- 
grammed output voltages or employ an 
external resistor divider. Output capaci- 
tance ranges from 10 to 60 |jlF without 
the need for external compensation ad- 
justment. Available in a 5x4Xl.l-mm 
QFN package and able to operate at 
speeds as high as 5 MHz, the EN53 12Q1 
costs $1.41 (1000). 
Enpirion, www.enpirion.com 



Spectrum analyzer cov- 
ers all Wi-Fi frequencies 

□ Featuring a 2.4- to 6-GHz log-pe- 
riodic directional antenna and 
2 A- and 5 -GHz omnidirectional an- 
tennas, the Wireless Wizard hand- 
held spectrum analyzer includes power 
adapters, software to download data to 
a PC, and coverage of the 18-channel, 
4-94' to 4-99-GHz public-safety band. 
The device stores antenna factors for 
all antennas, so users can make mea- 



surements in field strength (decibels 
referred to microvolts per meter). The 
Wireless Wizard costs $2950. 
Bantam Instruments, www.bantam 
instruments.com 



Storage-processor family 
uses eSATA cascading 

□ Delivering power using advanced 
RAID (redundant-array-of-inde- 
pendent-disks) functions and Safe 33 
and Safe 50 modes, the SteelVine stor- 
age-processor family targets home and 
SOHO (small-office/home-office) ap- 
plications. Features include USB 2.0 
host interfaces, advanced data protec- 
tion with drive locking, single-button 
backup, and eSATA (external Serial 
Advanced Technology Attachment) 
cascading. Now available for sampling, 
the SteelVine family of processors will 
be available in January 2007 and will 
cost $5. 

Silicon Image, www.silicon 
image.com 

LDO regulators 
feature a quiescent 
current of 1 20 |jlA 

□ These low-output-voltage, high- 
output-current LDO (low-drop- 
out) regulators support output cur- 
rents as high as 1.5 A. With input 
voltages of 2.3 to 6V and output volt- 
ages of 0.8 to 5V, the LDO regulators 
have a full-current dropout voltage of 
330 fxV. The ceramic-output-capaci- 



and Enterprise Capital Costing. The 
Capital HarnessXC costs $18,200. 
Mentor Graphics, www.mentor.com 



tor-stable devices include power-good 
and shutdown functions. Applications 
for the regulators include high-perfor- 
mance embedded processors, control- 
lers, and next-generation logic cores. 
The MCP1827 devices come in five- 
pin DDPAK and TO-220 packages. 
They are available in fixed- and ad- 
justable-output-voltage versions sell- 
ing for $L09 and $L17 (10,000), re- 
spectively. Available in three-pin 
DDPAK and TO-220 packages, the 
MCP1827S costs $1 (10,000). 
Microchip Technology Inc, www. 
microchip.com 



Highly integrated motor- 
control chip has all 
necessary power FETs 

□ Integrating all necessary pow- 
er FETs, the L7208 hard-disk- 
drive motor-controller chip suits 1.8- 
in. and smaller consumer- equipment 
drives. The device uses Smooth Drive, 
the pseudosinusoidal digital-drive tech- 
nique, minimizing acoustic noise from 
the spindle motor and suiting applica- 
tions requiring quiet operation. The de- 
vice also has a free-fall-sensor interface. 
Additional features include a Class AB 
output stage with zero deadband and 
minimal crossover distortion, pow- 
er FETs delivering 0.5A peak current, 
and a voice-coil section including a 14- 
bit DAC. This register-controlled chip 
connects to the host system through a 
serial bus running at 50 MHz. Available 
in an LGA package, the L7208 motor 
controller costs $15. 
STMicroelectronics, www.st.com 



112 EDN I DECEMBER 1, 2006 



productroundup 

INTEGRATED CIRCUITS 



Low-power audio 
codecs feature 
7-mW playback 

The PCM3793 and 
PCM3794 audio co^ 
decs feature a notch filter 
with programmable center 
frequencies, tone control, 
and 3'D enhancement- The 
PCM3793 drives 700 mW 
of output power per chan- 
nel into an 811 load- The 
PCM3794 has no speaker 
outputs, allowing manufac- 
turers to use an external am- 
plifier. Both devices feature 
a 93 -dB SNR and come in 
standard 32'pin, 5x5-mm^ 
QFN packages- An avail- 
able turnkey evaluation 
module includes a PC-based 
interface for programming 
the devices. The units sell 
for $4.50 and $4.25 (1000), 
respectively. 

Texas Instruments, www. 
ti.com 



Receiver and 
transmitter 
support HDTVs 

Joining the VastLane 
product family, the 
HDMI 1.3 Sil 9133 receive 
er and Sil 9134 transmit- 
ter semiconductors feature 
deep-color support for next- 
generation HDTVs. Suiting 
Blu-ray-disc and HD-DVD 
players in their highest res- 
olutions, the deep-color fea- 
ture allows the display of bil- 
lions rather than millions of 
colors, the elimination of 
on-screen color banding, an 
increased contrast ratio, and 
the ability to represent more 



shades of gray. The semi- 
conductors also support 30- 
and 36-bit color depths at 
4:4:4 RGB or YCbCr and the 
24'bit color depths that cur- 
rent HDTVs display. A boost 
in bandwidth from 4.95 to 
6.75 Gbps allows support 
for resolutions of 720p and 
10801 at 120 Hz, 36-bit-per- 
pixel color depth, and 12-bit 
video with 14'bit internal 
processing for improved ac- 
curacy. The 9134 transmits 
lossless compressed digital- 
audio formats supported in 
HDMI 1.3, including Dol- 
by TrueHD and DTS-HD 
Master Audio. Available in 
a BGA-404 package, the 
Sil 9133 dual-input receiver 
costs $9.70 (10,000); the Sil 
9134 transmitter is available 
in a TQFP-1 00 package and 
costs $5.25 (10,000). 
Silicon Image, www.silicon- 
image.com 



Octal ADCs 
have a 70-dB 
SNR to Nyquist 

Available in 9 X 9-mm, 
64'pin LFCSPs, this 
series of octal ADCs tar- 
gets use in portable medical 
devices and ultrasound ma- 
chines. The 10-bit AD9212 
and 12-bit AD9222, which 
consume less than 100 mW 
per channel, and the 14- 
bit, high-speed AD9252 fe- 
ature 70-dB SNR to Ny- 
quist. The 40M-sample/sec 
AD9212 and AD9222 cost 
$32 and $44 (1000), respec- 
tively. The 50M-sample/ 
sec AD9212, AD9222, and 
AD9252 devices cost $40, 



$49, and $54 (1000), re- 
spectively. 

Analog Devices Inc, www. 
analog.com 



Video crosspoint 
delivers black-level 
accuracy 

Featuring security-cam- 
era switching and RGB 
and HDTV routing, the 300- 
MHz video crosspoint has a 6- 
MHz signal crosstalk of —90 
dB and a single 5 V supply op- 
eration. The device integrates 
dc-restore clamps, which us- 
ers can disable. The clamps 
bias composite NTSC and 



PAL video by automatically 
adjusting the dc level of the 
most negative portion of the 
video to the reference volt- 
age. The device also features 
a broadcast mode in which 
any single input can simul- 
taneously transmit to all out- 
puts. The 150-MHz broadcast 
mode suits keyboard, video, 
and mouse applications. The 
nonblocking 16 video inputs 
and 16 video outputs allow 
routing from any input signals 
to any output signals. You can 
individually program outputs 
to gains of one or two. Avail- 
able in a 356-lead BGA pack- 
age, the ISL59530 costs $45 
(1000). 

Intersil, www.intersil.com 



Connect to the 
wireless world... 

....compact solution for wireless monitoring and control 



/ power 520 Mh 
solution for fani 



520MHz XScale technology 
for fan less solutions 



Support for GSM/GPRS, iDEN, CDMA modems 

On board GPS receiver 

Support for Linux and Windows CE 

Display controller for TFT and STN displays 

Serial ports for legacy communications ^m^Bk 

USB, CompactFlash and 

PC/1 04 expansion ^^SK^ 
Wide input DC input ^^X^lsy^*'" . 



ZEUS.... a scalable, ultra-low power 
solution for asset tracking and information 
display using cellular wireless & GPS technology. 



Customer support 



Product longevity 



Extended warranty 



RoHS compliance 



888-941-2224 

www.arGonn.com 



^Qrcom 

Think Embedded. Ttiink Arcom. 
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( A ADAPTERS & MODULES 
TURN-KEY SOLUTIONS 




@ Bluetooth^ 

• 2.4GHz embedded data radio/modems 

• Bluetooth, FCC & RoHS cert, modules 

• +100 meter (330 feet) distance ^ 

• Speeds: up to 921.6Kbps 

• Integrated RF chip antenna 

• Voice and data channels 

• Low power consumption 1mA ' 

• Small form factor: 20mm x 10mm x 2mm 

• Includes integrated software stack 

• Secure and robust communication link 
^Frequency Hopping Spread Spectrum 
^ Guaranteed Packet Delivery 
^Encryption and Authentication 



Email: sales@B/aeRadios.com 
Phone: (303) 957-1003 
www.SfiieRadios.com 
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Embedded IVIodems 

It's Radicom for reliable, high-performance, simple 
to implement Serial TTL, RS232, USB, PC/1 04 and 
RF wireless modems, competitively priced. 




Featured - 
SlimModem2™ 
Pin-for-pin compatible 
with SocketModem™ 
I"x2.5"x0.2" 
Global compliance 



Count on Radicom to reduce time-to-market, 
lower cost, and improve product quality. 



^Radicom 

Affordable Modem Technology 



a radi.com I www.radi.com 408-383-9006 Xl 1 2 



Internet Modem 




PRODUCT 



PC or i ^^ rsy 

MACHINE INTERNET J 



Diagnostic/Alarm/Monitoring 

• Send/Receive data via email or hosted web page 

• Uses no CPU/software overhead with existing designs 
•SMTP/P0P3 enabled 

• PC compatible email 

• Send messages on alarm condition 

• Internet transfer to voice/data/fax using low cost ISP 

• Operates independent of your system application CPU 

• 2400 to 56k bps data transfer, unlimited messages 

• Evaluation kits available from $159.95 



MORE THAN A BOX! 




Tel: 800-882-6271 
Sunnyvale, CA USA 



www.cermetek.com 



FOAM PROTECTION 
SYSTEMS 



37cASE SIZES 




www.PelicanOEM.com 

Log on or call 800.473.5422 to re- 
ceive a free OEM Solutions Kit. It 
includes foam samples, CAD files, 
and all the information you need to 
learn how you can install and pro- 
tect your equipment in a Pelican 
ProtectorTM Case. 



• Device Replacement & Upgrades 

• Subsystems & Daughter Cards 

• Support for all IC packaging types 

• Turn-key Production & Assembly 

Solutions to many varied package and 
design problems done skillfully and eco- 
nomically Fast, high quality, quick turn 
custom projects are our specialty. We can 
provide complete turn key solutions for 
subsystems and IC upgrades. 
Tel: (800) 404-0204 • Fax: (952) 229-8201 
www.ironwoodelectronics.com 



Need to build 
a C compiler 
or assembler? 

You can create efficient program- 
ming tools quickly using Archelon's 
User Retargetable Development 
Tools. Or we can help you with the 
work to get the job done faster. 

Want to know more? 

See http://www.archelon.com 
or call us at (800)387-5670 




ROflDN 



Instant LCD 




ezLCD-002 - $189 

Versatile Programmable Module 

• Serial/PC/USB/Parallel Interface 

• AVR/BASIC Stamp/VB Compatible 

• Onboard Flash Bitmap Memory 
• Downloadable TTF Fonts 
2.7" or 5.6" TOUCH Color TFT LCD 
• 240x160 or 320x240 resolutions 

• Transflective w/ LED Frontlight (2.7") 

• Transmissive w/ 350 nit backlight (5.6") 
* 512 colors or 65,535 colors 



Earth CD. 



L-L '.COM We Make fUoiste Work.' 
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MIXED-MODE 
CIRCUIT SIMULATION 



Powerful. Complete. Affordable. 

TOPSPICE 



I 





True Analog/Digital/Behavioral 
Mixed-Mode Circuit Simulator 



• Complete SPICE analog simulator • BSIM3 model 

• Fully integrated event-driven logic simulator 

• Analog behavioral modeling using user equations, 
Laplace transforms and look-up tables • Analog and 

digital model libraries • Monte Carlo analysis 

• Graphical post-processor • Schematic entry 

For FREE DEMO visit us online 

www.penzarxom 

Tel: (818)772-5463 
Fax: (818)772-5473 



PENZAR 

DEVELOPMENT 

P.O. Box 10358, Canoga Park, CA 91309 USA 




Same Sensor Invented by Polaroid to Focus Cameras! 
Electrostatic Transducer and Drive Module in One 
Complete Package! 

Non-Contact Ranging and Measurement from 6" to over 40'! 
Perfect Sensor for Non-Contact Measurements, Liquid or 
Bulk Level Sensing, Proximity Sensing, Robot Guidance 
We Sell Complete Ranging Kits and Components 

Phone 734-953-4783 
Fax 734-953-4518 
www.senscomp.com 





3.6" X 2.3" C/C++ pmgrammable. 
• *100M Basel, High performance 
hardware TCP/IP. USB 
• PC compatible FAT file system and mass data storage, 16-bit ADCs. 



50+ Low Cost Controllers with ADC, DAC, UARTs, 300 l/Os, 
solenoid, relays, CompactFlash, LCD, Ethernet, USB, motion 
control. Custom board design. Save time and money. 



'tfi 



1724 Picasso Ave., Suite A 
^^^^ Davis, CA 95616 USA 
irnrJ Tel:530-758-0180 • Fax:530-758-0181 
-LJ— «X\.1\ www.tern.com 
INC. sales@tern.com 



www.tern.com ^ g- 



USB CANbus I2C RS232/485 GPS 



Hardwired TCP/IP Stack 

^IZnet 

I WIZnet's W3150A+ hardwired TCP/IP stack I 
IC lets you forget Ethernet hassles - quick 
networking for almost any serial product or 
micro. Allow simple set-up for 10/100Mb/s [ 
Intemet gateway. Ready made boards too! 

All-in-one Scope! 

I Best adapter around! I 
Cleverscope - 100 MHz 

Scope, Spectr.Anal, [ 
jjogo^, &SigGen. for PCs. 
I 4 Msamples storage! EasyA-B, math! 2 I 
X 10 bit ch. 8 dig. I/P. Opt. 0-10 MHz 
SigGen. + math + filters. CS328 $999 | 



Saelig Co. Inc. 

ph: 1-888-7-SAELIG 
www.saelig.com 
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On/Off switch 
battery holders 

Save time and money 



Key Features • Available in 2AA, 3AA, and 4AA battery versions - 
with or without switches • Housing made of high impact ABS plastic 
• UL/CSA lead wires are standard 150mm long • These low cost units 
eliminate mounting and wiring of separate switches in circuitry • Priced 
as low as $0.36 each for 2 AA switch units in quantities of 10,000. 

For details: write, call, fax or visit our website. 

Memory Protection Devices, Inc. 

200 Broad Hollow Road, Farmingdale, New York 11735 
Tel. (63 1)249-0001 • Fax (63 1)249-0002 

www.batteryholders.com 



PC-HOSTED LOGIC ANALYZER 



Digital Test Easy and Simple 




Powerful^ Versatile and Affordable... 

1 00 kHz Dynamic Signal Analyzer 




• DC to 100 kHz frequency range 

• 100 kHz real-time bandwidth 

• Dynamic range 

90dB(FFT) 
14SdB (swept-sine) 

• Low-distortion (SOdBc) source 

• Up to 32 Mbyte memory 

• GPIB and R5-232 interfaces 

FFT analyzers starting at $4950 



The SR785 Dynamic Signal Analyzer offers state-of-art 
performance at a fraction of the cost of competitive 
analyzers. Standard features include swept-sine mode, 
order tracking, octave analysis, curve fit/synthesis, and 
arbitrary waveform source. 

When compared to the Agilent 35670A, the SR785 comes 
out on top. It offers twice the frequency range (2 ch.) 
and 10 times the real-time bandwidth at less than half 
the price of the 35670A. 

The SR785 is ideal for filter design, control systems 
analysis, noise measurement, audio or acoustical test, 
and mechanical systems analysis. 

Take a close look at the SR785. 



CpC Stanford Research Systems 

^ 1290-D Reamwood Ave., Sunnyvale, CA 94089 • e-mail: info@thinkSRS.com 

Phone (408) 744-9040 • Fax (408) 744-9049 • WWW.thinkSRS.com 
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TODESIGNCON2007 

From its history as a Hewlett Packard pro- 
prietary sliow, to its stature today as a small 
but influential design conference, DesignCon, 
(www.designcon.com/2007), which will take 
place January 29 to February 1, continues 
to have things to offer along a number of 
engineering tracks. This year, keynote speak- 
ers will include Steve Polzin, senior fellow 
and chief platform architect at AMD; Wim 
Roelandts, president, chief executive officer, 
and chairman of Xilinx; and Leah Jamieson, 
dean of engineering at Purdue University. 
Technical papers will range from SystemC 
modeling of DRAM subsystems, to transmis- 
sion-line measurements, to SOC (system-on- 
chip) design and packaging issues. A parallel 
set of business-forum presentations will 
examine strategic issues facing design teams. 
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At the Christmas selling 
season around the world 

Granted that a visit to a mall in the United 
States right now is enough to induce agoraphobia in Dale Carnegie. But 
what's going on inside those crowded halls of retail commerce could set 
the fate of the electronics industry for the next year or two. Automotive 
applications continue to increase their semiconductor content, to the 
benefit mostly of a few large companies. Ditto for the server market, 
with a mostly different set of vendors. Similarly an established infrastruc- 
ture—mostly in Asia now— will be the beneficiary if Microsoft Vista is able 
to pump up PC sales. But the industry is pinning much of the growth it 
needs in 2007 and beyond on consumer products, from the bargain- 
priced MP-3 player, to the next feature phone, to the giant home- 
theater system. If retail sales are slow, the disappointment will not 
only further increase inventories, but also discourage new-product 
development and investment, with longer reaching impact. 



Toward the beginnings of robotic vision 

A miniature photocell accurately determines both 
direction and intensity of a light source. As many 
as four separate cells of conventional design 
may be replaced by one of these units. 
Developed by RCA, the device is based on a 
recently discovered phenomenon that occurs 
when light is focused by a lens on a semicon- 
ductor junction. If the light strikes the junction to 
either side of center, a small side-to-side voltage 
is generated. Termed lateral voltage, it is distinct 
from the known voltage generated across the 
junction from front to rear by light shining directly 
on the junction. ... [This scenario permits] the 
cell to produce a signal which varies with the 
angle between the cell axis and the light direc- 
tion. Simultaneously another sig- 
nal registers intensity 
—Electrical Design News, 
December 1956 
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Single, Dual, and Quad High-Speed, 
Rail-to-Rail Amplifiers 

High-performance, voltage feedback amplifiers 
that consume only 2.5mA of supply current 
per channel while providing ±1 00mA of output 
current. Operates from 2.7 to 1 2V (±6) supplies, 
1 70MHz bandwidth, 1 1 0V/|js slew rate at a ±5 
supply voltage. 




SAS/SATA IPass™ Connectors 

Multi-Lane and Mini Multi-Lane high-speed serial 
interconnects that provide internal and external 
storage solutions to SAS and SATA, For applications 
ranging from 1 .5 to 6.0Gbps, with capability up to 
lOGbps. Serial technology uses smaller cables for 
bandwidth-intensive applications. 



SEMICONDUCTOR- 



mouser.com/falrchiidsemi/a 



molex 



one company > a world of innovation mOUSer.COITl/lTIOlex/a 





XBee™ ZigBee™ OEM 
RF Module 

ZigBee/IEEE 802.15.4 
compliant solution 
that delivers critical 
data between devices. 
Operates within the ISM 
2.4GHz frequency band, 1 mW power output up 
to 100m range, U.FL.RF connector, -40°C to 85°C 
temp, range with chip or wire options. Supports 
advanced networking and low-power modes. 




The Mouser Advantage: 

Faster Time to 
Market for YOUR 
New Designs! 
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Most Rapid New Product Introduction in the Industry! 
The ONLY New Catalog Every 90 Days! 
Easy to Browse-and-Buy over 72G,G0G Products Online! 
New Products Added Daily 



Mouser's Time-to-Market Advantage! 

Mouser's rapid introduction of new products 
and new technologies is faster than any other 
distributor in the industry. We are the only 
distributor to publish a 1,800+ page print catalog 
every 90 days! And with daily new product 
updates to over 720,000 products online, you can 
depend on Mouser to save you critical time to 
market for your new design projects. 
Mouser Delivers! 

The NEWEST products, NEWEST 
technologies, best-in-class technical customer 
service with NO minimums, and streamlined 
warehouse systems that deliver same-day 
shipping on most orders. We make it easy to do 
business with Mouser! 



mOUSer.com (800) 346-6873 



MOUSER 

ELECTRONICS 
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The Newest Products ^ 
For Your Newest Designs 





MaxStream^ mouser.com/maxstream/a 



G2RV Slim Relay 

Industrial slim relay 
rated with large 
plug-in terminals 
for a reliable connection. 
Rated at full 6A at 250VAC/30VDC 
over 6,000 operations at 40°C. LED indicator, 
clear case, and mechanical flay allow easy and 
immediate visual operation verification. Slim 
outline to save space in high-volume rack and PLC 
applications. 



omRon 

ELECTRONIC COMPONENTS mouser.com/omron/a 



PIC24 Microcontroller 
Family 




16-Bit microcontroller 
family delivers the 
performance, peripherals, 
software, and hardware 
development tools required for the most 
demanding applications. Up to 256Kbytes Flash 
program memory in packages from 18 to 100 pins 
enables selection of the best microcontroller for 
the appropriate application. 



Microchip mouser.com/microchip/a 



The NEWEST Semiconductors | Passives | Interconnects | Power | Electromechanical | Test, Tools & Supplies from Mouser Electronics 

Mouser and Mouser Electronics are registered trademarl<s of Mouser Electronics, Inc. Other products, logos, and company names mentioned herein, may be trademarl<s of their respective owners. 



(Embedded Systems 



Solutions 

Capture the Power of ARM9 in 
Flash STR9 Microcontrollers. 

Ethernet, USB, CAN, DSP Plus Embedded Control... No Problem 

Innovative products for multi-segment application systems 



[JTAG and ETM Debug 



ARM966®CPU@ 96MHz 
With DSP Instructions 




It's All Inside: STR9 MCUs minimize the need for external components and add 
innovative features on the inside such as a IpA real-time clock and a full-function 
system supervisor. Rapid Transit: 96MHz operation, optimized internal data and 
instruction paths, and 9 DMA channels ensure data moves where you want it, 
when you want it. No Crowded Spaces: Up to 96KB of SRAM and 544KB of 
Flash memory accommodate complex applications, TCP/IP, real-time operating 
systems and multinational products. 



World's first ARM9-based 
general-purpose Flash 
microcontroller enables new 
generation of networked 
embedded applications 
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rSTR910FW32X 


256 + 32 
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2xSPI 


80 (16) 
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RTC 
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USB, CAN " 
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3xUART 
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USB, CAN 
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w/IrDA 
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Ethernet, USB, CAN, EMI 
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96 
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l^rnet, USB, CAN, EMI 



For further information, datasheets, and 
application notes, visit WWW.St.C0m/str9 



Order free samples online at: 

www.st.com 
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